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SPECIAlL PAET: 
MOLLUSC A TO MAN. 



CHAPTER I. 

MOLLUSCA.* 



BilateroMy symmetrical unsegmented animals, tvithout a locomotor^ 
skeleton ; with a ventral foot and usuully a calcareous ti7iivalve or 
hivcdve shell ; loith brain {suiyracesophayeal (janijlia),circum(xsophayeat 
ring, and suboesophageal group of ganglia. 

Since Cuvier several different gi'oups of animals, which were placed 
amongst the worms by Linnaeus, have 
been included in the MoUusca. Of late 
years, however, the anatomy and de- 
velopment of these forms have been 
more closely examined, and it seems 
fairly certain that some of them are 
allied to the Worms. In any case, the 
group MoUusca must be looked upon 
as of more limited extent than has for Fig. 402.— Older larva of a Oanteropod 

.. 1 ., rri- I.' 1 J (after Gegenbaur). 8, Shell; P^ 

some time been the case. The bivalved j^ot ; iv/, velum ; T, tentacles ; Op, 
Brachiopoda, which in structure and oi>ercuium for the closure of the 

J 1 i. J. 1 • 1 1 J.- 1 • shell opening. 

development stand in closer relationship 

to the Bryozoa., may be removed fi-om the Mollusca and united with 

the latter under the head Molluscoidea, The Tunicata also must 

be constituted an independent group between the Mollusca and the 

Vertebrata. 




* G. Cuvier, " Memoires pour servir a rhistoire et k ranatomie des Mol- 
lusques." Paris, 1817. 

R. Leuckart, " Ueber die Morphologie und die Verwandschaftsverhaltnisse 
der wirbelloseu Thiere." Braunschweig, 1848. 

Huxley, " On the Morphology of the Cephalous Mollusca, as illustrated 
by the Anatomy of certain Heteropoda and Pteropoda, etc." PML Trans.,, 
1853. 



10 JilOLLUSCA. 

The Mollusca are uiijointed, unsegmenteii nnimnls, without jointed 
appendages. The body is eovei'ed by a soft slimy skin. They ladt 
both an internal and external locomotory skeleton, ajid nppear there- 
fore especially suited for life in water. But few of them are 
terrestrial, and when this in the case the locomotion is always limited 
and slow ; while the aqiiatic foi'ms, in correspondence with the far 
more favourable conditions for locomotion presented by water, may 
be endowed with the power of rapid swimming. 

The dermal ■nniscitlar ei/atem plays an importiint part in the 
locomotion of these animals, especifilly that pai-t of it plained on the 
lower, i.e., ventral, surface of the body. In tliis region it is greatly 
developed, and gives I'ise to a more or less prejecting locomotoiy 
organ of very vaiious shape, the foot (figs. 492 and 493). The 
foot always consists of an unpaired median stnictui-e, which is some- 
times divided into sevei-al 
parts nnd may possess 
in aildition Lateral paJi-ed 
poi-tions, the epipodilt. 
Above the foot there veiy 
genei-ally exists ou the 
body a shield - shaped 
thickening of the integu- 
ment, the so-called mantle, 
the edges of which, in 
moi* ad^nced develop- 
ment, gi^ow over the body 
as a fold of the ekin and 
partially or completely cover it. The surface of this fold of skin 
secretes calcareous and pigmentai-y substances, and gives i'ise to the 
variously shaped and coloured shells which contain and protect the 
soft body. In addition to the foot and mantle, the body generally 
possesses in the anterior i-egion, on either side of the mouth, a pair 
of lobe-like appendages, the buccal lohea, which are the remnants of 
a largely-developed larval sti-ucture, known as the velnm. 

In the higher Mollusca {Ceplialoplwra) the anterior part of the 
body bearing the buccal lobes, and containing tlie eentml part* of 
the nervous system and the sense organs, is more or less sharply 
marked off as a liead. The part of the body behind the head 
constitutes tlie main mass of the animal. Its doi-sal portion ((/te 
•eUceral toe) contains the viscera and is frequently spiialiy twisted, as 
a result of which the bilateral symmetry undergoes externally n 
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remarkable ilbtui-baiLce. The visceral sac may, however, have a 
flattened or cylindrieal form and retain its symmetry. In this 
group (the Cephahplwrii) the shell may be simply plate-shtiped or 
spirally wound, or remain as a mere flat rudiment hidden under the 
dorsal integument. In one group of the Cephalophora, viz., the 
C^Jutlopoda, a circle of arms is attached to the head around the 
mouth opening. They serve both for swimming and creeping, and 
for the capture of nourishment. By Lovfin and K. Leuckurt they 
were looked upon as modifications of the buccal lobes; by others, 
perhaps with greatei justice, as tentacles, and by others again as 




r il ini>ifii(af(er(>eBeiibiiui). P. F[»t ; ^, aucktf ; 0, month ; 

mach Sp sal arj gland L, livei ; A, onoa : C6, cerebral 
gangliim T lontac e f eye f anditory ™ cle BO, buccal ganglion ; Pj, p«rtal 
Eonglion ( JVg maul e gang on ^ kidney Br gill ; At. auricle ; Vf. ventiicle ; Ar, 
aorta ; Z, hinder 1 rancli n( the Bame T tet b V li aa detereng ; Wp, cillatf d farrow j 
J*. penis F flagellum w ih gland 

modifications of the f n t A perforated funnel-shaped cone, thi'ough 
which the excletol^ pioducts and watei i hich has passed over the 
gills is expelled from the large mantle cavity, and which thus 
serves at the same time as a wimmmg oigan, probably cori'esponds 
to the fused fol Is of the epipodia Amongst the Gastrupoda the 
head is provided with tentacles ani buccal lobes, and the ventrally 
placed foot poahesses a lai ge flat plantar surface ; more I'arely it has 
the form of a vertically placed tm {Heterupoda, fig. 494). In another 
group, the Lamellibraitc/imta (Acepitala), there is no independent 
head, and the laterally compressed body bears two large lateral mantle 
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KOLI.II8CA. 



(ibes, ftich uf whii'h j^wretes a hii^tle shell; the two vah-ea st 
u-e united on the ciorbiil surface by a ligameut. 
The internal organization of the Molliisoa preeients i 

5 does the estemal form. Like the external form 
the interniil structiire also fi-eqiiently preaeota suiprising d 
tions from the biluteml anuugenieut. 

The nervous system -^^ (figa. 495, 496, 497) conaistsi of a. c 

pnii' of gangliii lying on the tesophftgus (only exceptionally— 

!ig. 495 — -dL-isolved iiito a genei-al gimglionic investment of the o 

), the cerebral ganglia 

496, 497, Vg), from which pass a 

le nerves and an res 

(ig, composed of s 

tibroua conls. The liitter 

tively given olf two piiirs of i 

trnnks. The nerves of the tippc 

ami liiteml pair are the -po 

(fig. 495, PtiSt); I 

supply tlie lateiTxl parts of 

body ami the majitle. The n« 

ot the ventral piir are pit 

the middle line, and 

as the pedal ne 

495, J'e6't); they are connected 
together by transverse cok 
{f(g.495) and innervate the muscles 
of the foot. This aiTangemenw 
found in the simplest form : 
Chiton, agrees essentially with 
that of the (Jephyrean-like genus, 
Neomeiiia. At a more advanced 
stage, two large swellings are found 

, B<!. at the origin of the pedal nerves ; 
\ErrB; these are the pedal ganglia (figs. 

496, 497, Pg). In addition, a 
thinl group of ganglia, known as the visceral ijuiiglia, is also found. 
The aiTangement of the latter ganglia is very various ; they are some- 
times fuMttd with the cerebral, sometimes with the pedal ganglia, and 
are souietimes broken up into seveiul gi-oups of ganglia. They are 
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I ooimeeteiil with the cei-ebml ganglia by n longer or shorLei' com incisure, 

and give off ner^e plexuses to the heart, gills, and generative organs. 

This third pA.ir of ganglia is, therefore, regarded as tha equivalent 

of the sympathetic, but luijuatly, as it also gives off nerves to the 
I skin ami mnsL-les. SmaO ganglia {buccal ganglia), lying above and 
)w the buL«il mass and sending off nerves to thecESophagna nnd 
intestine, may more justly be regarded as sympathetic. 
Taotile organs are present in the 
I jnoi* highly-dereloped MoUnsca, as 
I two or four lohes placed near the 
\ mouth, the ahove-inentioued baccal 

lobe<i ■ in addition to which tenta 

cle* round the edge of the mantle 

are often tound m the icffiili 

and in the ' fpltikp/wia two oi 

four retractilB tentacles on the 

Lead Tlie eyes ha^ e almost always . 

ft complicated sti'oGture and are 

provided with lens m-> choixud 

and retina Theie ate uwialh „ 

two of them on the head in mi 

cates— ' y in some Lamelhbrantl 

— ^the\ are more numeious .induic 

placed on the eilge of the mantle 

Auditory oi^ana mi e veiy generally 

prenent Tliey have the foim of 

closed otocysts. provided with hairs 

on their interna! walls. They are 

usually paired, and lie either on ^'^- *''?'r:'^T"!T, ^'T. °i ',!"' l"'!t'^ 

the cerebral or pedal ganglia (fig. a, annsi k. tMit-, r, toot-, Se, iBbiai 

iyi,Ul}. J-liej are, Iiowevei, al- g^^iion, rj. BpUnclmic ganglion: O, 
ways innervated fl^m the former, gineratiVD glanil; W, ailernol openins 

In the alimeatarj oaisl, ih™. ;;jj""" ■"'■ "■""'"' '" ""'""'• 
divisions, at least, can be clearly 

distinguished ^the wsophagua, the stomach and intestine, and the 
hindgut or rectum. Of these the middle or ihgestiiig diviaon 
(stomach and intestine) is usually characterized by the possession 
of a very extensive liver. Kidneys are always present, and ai-e 
frequently paired and symmetrical in each half of the body. Often, 
however — prmcipally when the body is asymmetrical — the kidney 
of one side is smaller (^Patella, Haliotis) or i* entirely absent {Gaatro- 




14 MOLL use A. 

poda). They usually have the form of sacs with a wide Inmen, 
and open on the one hand into the hody cavity {pericardial 
ainwi), and on the other to the extei-ior by a lateral opening. 
In all probabDity the mol- 
liiNcan kidney lb homologous 
mtli nn nnnelidan Hegmentiil 
organ. The internal, funnel- 
fcliaped opening m frequently 
beset with cilia. The anus 
in very often removed from 
the middle line, and placed 
on one side of the body. 

A compact he&rt is always 
present, driving the blood 
through the vessels into the 
oi'gans. The va.scular system 
is never completely closed, 
for, even when the artei'ie-s 
and veins are connected by 
nipilliii-iea, blood sinuses, de- 
rived from the body cavity, 
ai-e inserted into the course 
of the vessels. The heart is 
always artei-ial — ^I'.e., systemic 

and i-eceives arterial blood 

from the I'espiratory organs. 
Bespiration is in all caKes 
can-ied on thi-ough the 
geneiul outer surface of the 
body ; but in addition special 
respuTitory organs, in the 
form of bratidiiif, more 
i-arely of lumja, ai-e present. 
The bwnchiie are ciliated 
projections of the body sur- 
face, and are usually placed 
between the mantle and the 
foot; they may have the 
■ form of lirancbed append- 
ages, or of biwd lamellic {LamMbra^idiiata). The lung, on the 
other hand, is derived from the mantle cavity, widch is filled with 




Haller), Cg, 
Bftnglion i P/ji 
ganglion ; G«> 
aublnt»(tinn1 gonj^liun ; 
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« 

iiir, and the inner surface of which is thrown into a number of 
complicated folds, so as to expose a large surface for the respiratory 
blood-vessels; it communicates by an opening with the external 
medium. The pulmonjiry and branchial cavities are, therefore, mor- 
phologically equivalent. 

Reprodaction is always sexual. The hermaphrodite condition, 
on the whole, preponderates; nevertheless, not only many marine 
Gastropods, but also most Lamellibranchs and all Cephalopods are 
dioecious. 

Development usually begins with a total segmentation, which is 
followed by the formation of a blastoderm surrounding the hinder 
part of the yolk or the whole yolk. The just hatched young often 
pass through a complicated metamorphosis, and possess an anterior 
cutaneous expansion bordered with cilia — the velum — which func- 
tions as a locomotory organ. In form, disposition of cilia and 
organisation, many molluscan larvae permit of a closer comparison 
with Loven's worm larva. 

By far the majority of the MoUusca are aquatic animals, especially 
marine; only a few live on land, and these always seek damp 
•localities. When we consider the extraordinarily wide distribution 
of the Mollusca in past times, the importance of their fossil remains 
for the determination of the age of the sedimentary formations 
becomes intelligible. 

Class 1.— LAMELUBRAITCHIATA.* 

Laterally compressed Mollusca witJiout separated head, with hilohed 
mantle and bivalve shell, comjyosed of a right atid left Jialf and 
connected by a dor sally placed ligament ; loith large gill plates ; sexes 
'ibaujally separate. 

The Lamellibranchs were formerly united with the Brachiopoda 
as Conchifera, Like the latter, they lack a differentiated cephalic 
region, and possess a large and usually bilobed mantle and a 
bivalve shell. Nevertheless, the structural differences between these 

* G. Cuvier, ''L' histoire et rciiiatomie des Mollusques." Paris, 1817. 

Bojanus, ** Ueber die Athem- jind Kreislaufswerkzeuge der zweischaligcn 
Muscheln." Bis, 1817, 1820, 1827. 

. S. Lov6n, K. Vet. Akad. Handlgr, Stockholm, 1848. Translated in the 
Arcli.fiir Natni'oesch., 1849. 

Lacaze-Duthiers, Ann. des Sc. Nat,, 1854 — 1801. 

H. and A. Adams, " The Genera of the Recent Mollusca." London, 1853- 
1858. 

T . Reeve, " Conchologia iconica." London, 1.84G-1858. 



16 MOLLUSCA, 

two gionps ai-e so essential, tliat a elo.^e connection between them 
cannot be maintained. 

The usually strictly symmetrical body is laterally compressed and 
of considerable extent, and is surrounded by two la,teml mantle 
lobes, which are continuous across the dorsal middle line and secrete 
a right and left shell valve. To the sides of the mouth opening 
are found two pairs of leaf- or tentacle- like buccal lobes — the labial 
palps. On the ventral surface a large, usually hatchet^shaped foot 
(fig. 498, F) projects; and two pairu, rarely one pair, of large 
lamellar gills are always placed in the mantle furrow between the 
mantle and foot (fig. 498 




FiQ. iBS.— Anfttomy of Unlo jiirfon.™ (after C, Grobben). I' 

US, posterior adductor muecle ; MS, labial palp ; F, foot i Mt, Mantle j £, lii 

Cff, cerebral ^ajiglioa ; Pff, pedal ^anj^Iion ; 3fff, aplancbnic ji;angUOQ ; O, 

M, stomaeh j L, liver ; SrS, crjstalUne stjle ; D, inteetinB ; J.f, aona ; O, generaWve 

organs i A, region of mantle lobee boan<1lng tbe exhalant or cleaeul onflce i E, regioiL 

of ditto bounding inbaleot or bmnobial orifice ; JV,kidne;( I'*,auriclei /f(, ventricle ; 

TA, anterior aorta; SA, poaleriot aorta ; P, perioontial ?land (aoliematic). 

The hind end of the edges of each mantle lobe almost always 
presents two slight, contiguous excavations (fig. 498, A and A'), the 
ventral of which is bordered by numerous papillfe. When the 
two halves of the mantle are above together, these excavations 
form, with the corresponding structures of the opposite side, two 
slit-like openings, placed one behind the other. The upper or 
dorsal of these two openings fanctions as the cloacal, or exhalent 
opening; the lower or venti-al as the inhalent opening. Through 
the latter, with a slightly gaping shell, the water is driven by 
the peculiar arrangement and action of the cilia on the inner 
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aui'face of the imintle and the gills into the uuintle iinii reepira- 
tory uhamber. Food materials pa*(s with the water to the labial 
palps, and bo to the month. The edges of the mantle lobes do 
not always remiiin free through their whole extent, hut fi'equently 
inse together, first at the hind end, and then gradually forwards. 
As a result of this fusion, a. posteiior opening, including in 
ibself the inlialent and exhalent oritiees, becomes separated fiwrn 
the BJiterior opening into the mantle cavity ; and, further, the 
eshalent and ichalent openings become separated from each 
other by a, transverse bridge of tissue. The long anterioi' opening 
or foob-d^J't, in consequence of the pi'ogressive fusion of tke mantle 
edges, ofteji becomes graduallj' so shortened, that the foot, which 



ms 




correspondingly reduced, 
scarcely be protnided. In this 
case, the mantle comes to have 
the form of a saccular investment 
with two openings. The further 
forward the fusion of the two 
mantle lobes proceeds, the moi-e 
marked becomes a peculiar elonga- 
tion of the posterior mantle region 
round the inhalent and exhalent 
openings — Rn elongation of such a, 
nature that two contractile tubea, 
or siphanB, become formed {fig. 
■499, «). The latter may reach ^''tiT'"' 
Bueh a size that they can no longer ^^-"^ 
be drawn between the posterior ^^5 
edges of the gaping valves of ""* 
the shell. The two siphons often 

fuse with one another ; but the two canals, with their openings 
surrounded hy tentacles, remain separate. In the most extreme 
cases the siphons are enormously enlarged, and the postei-ior region 
of the body is peculiarly elongated and uncovered by the rudimen- 
tary shell; so that the whole animal acquii^s a vermiform appear- 
ance, the shell-bearing anterior region of the tody constituting the 
h»id {Teredo, tig. 505). 

The mantle and skin consist of a cellular, slimy epidermis, beneath 
which lies a connective tissue, richly traversed by muscular fibres. 
The epidermis on the outer surface of the mantle consists of columnar 
cells ; while on the inner surface of the mantle the cells composing 

VOL, II. 1 



M. mUia J rjf, anlflrtor 
I ; XH, posterior adductor 
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it are ciliated. Pigments ui* present principiiUj' upoo the edges of i 
the mantle, which ai-e frequently folded or l>eset by papilla? and J 
tentacles. 

The outer surface of the mantle aecretes a strong calwu'eons sh6ll, , 
which is constituted of two valres corresponding to the two iniuitla 1 
lobes. The two vulves are united doi-sally. They ure raxely e3iactly' [ 
alike. Nevertheless, the term unequivalve is only applied to those J 
shells in which the asymmetry is very marked, and the valves can b 
distinguished as upper and lower. The lower valve is the larger Bud I 
more ai-ched, while the iipper is smaller and flatter, closing up tha I 
cavity of the lower after the manner of an operculum. The edges of I 
the two valves are genewlly closely applied to one another, still they | 
may gape more or less widely at variouH pointB for the exit of the foot, 
by.saus and siphons. The I 
latter is especially the j 
case foi' those Molluscs 1 
which hore in sand, | 
wood; or hard i-ock. In 
extreme cases the shell 
nisy, by a wide anterior j 
emargination and 
extended docking of its ' 
posterior part, be i 
duced to an annular r 
diment (Tereclo), while 
to its hinder end 
applied a calcareous tube, which may intimately fuse with the shell H 
radiments and receive the latter entii-ely into itself {AspergUhmi). 

The two valves of the shell are always connected dorsally by an. 
external or internal ligament, .which tends to keep the valves open. 
The two shell valves are also firmly connected together dorsally by 
interlocking teeth, which t!on.stitut« the so-called' hinge (cardo). 
The hinge edge with the ligament is therefore to be diatinguished,. | 
from the free edge of the shell, which is divided into an anterior^ 
inferior (ventral), and posterior or siphonai edge. The anterior 
and posterior edge may generally be easily deteiinined by the position 
of the hinge-ligament with regard to the two umbmies (nates), which 
have the form of two prominencies projecting over the dorsal edge, 
and indicate the point (ape^:) where the development of the valves 
began, Tlie arm is behind the apex, and includes the dorsal 
posterior side of the shell. The part of the dorsal edge in front of 
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e apex is usually whoi'tei-, and contains, at Jeast in the equivitlve 
Bspecies, (in excavation, tlie lunula, by means of which the anterior 
Bfidge CHI) be at oni^ i-ecognised. 

"WMIe the ontej' Hurface of the shell pi-esents various sculpture 
markings, the inner surface is smooth aud shines with the lustre of 
mother-of-pearl. On a closer examination, impi-es^ons and pits become 
visible on the inner suifaee. A narrow line, the ao-c^Uled mtmtle or 
allial Une (the line of attadiment of the mantle edge to the shell), is 
plficed near and faii-ly parallel to the ventral edge of the shell (fig. 
, Ml). In the siphoned forms this presents posteriorly a liend 
ected foi-wards and upwards (Mh), the paUial bay, which \s due to 
Impressions are 
isunlly caused by the inser- 
of an anterior and pos- 
r adductor miiscle which 
s through the body of the 
transversely from 
) side to the other, and 
1x6 attached to the inner 
lurface of the shell (fig. 
BM, VM). While In 
I eqriivrtlve miisaels (Or- 
'.a) the two impi-eji- 
are uaualty of equal 
in the miequi valve 
IForms {Plmirocoiiclia) the 
interior adductoi' is re- ^ 
tuced, and may completely 
the posterior ad- 
[uetor, on the other hand, 
rajnuscle of much larger 

, shifts foi'ward to the middle of the shell (fig. 600). Hence 
3 names D'mit/aria and Monoinijaria. According to its chemical 
EDpoaition, the shell consists of carbonate of lime and an organic 
tatiix (conehyolin), which usually presents a laminated testm-e. 
1 addition to this laminated layer there is also a thick external 
pilcareona layer, compased of large, pallisade-like prisms, ■w-hich 
1 placed side by side and may be compiu-ed to the enamel of 
. 501, S). Finally, on the outer surface of the shell thew 
It a homy cuticle, the so-called epidemiL's {Cu). The intemid lami- " / 
^ted layer is secreted by the whole iittemal surface of the mantle, *^;' 
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while the two outer layers are formed only by the free edge of the 
mantle. The growth of the shell is effected in two ways; (1) by 
additions to the internal laminated layer, whereby the shell increases 
in thickness; (2) by additions to the prismatic and homy layei^, 
whereby it increases in superficial extent. Accordingly the outer 
coloured part of the shell, which is composed of vertical piisms and a 
horny cuticle, when once formed cannot increase in thickness ; while 
new concentric layers are constantly being added to the internal 
colourless mother-of-pearl layer during the whole life of the animal. 
The mantle-secretion gives rise in the so-called pearl-mussel {Meleor 
grina, Unio margaritifer), to the formation of pearls. 

The foot is completely absent in comparatively few of the Lamelli- 
branchiata, and only in those which have lost the power of locomotion 
{Ostrea, Anomia), In many forms, principally in the larva {Unio), less 
frequently in the adult {Mytilus), the foot possesses a byssus gland, 
which secretes silk-like fibres, by which a temporary or permanent 
attachment of the animal is effected. The form and size of the foot 
vary very considerably, according to the special kind of locomotion. 
The foot is most frequently used for creeping in sand, and then is 
hatchet-shaped; in other cases it is spread out laterally and its 
creeping surface has the form of a disc. More rarely it is of a large 
size and bent, in which case it serves for springing movements in the 
water (Cardium). Some Lamellibranchs possess a linear club-shaped 
or cylindrical foot {Solen, Solenoniya), and move by rapidly retracting 
the foot and ejecting water through the siphons. Many use the foot 
for burying themselves in mud ; others bore into ,wood {Teredo) or 
hard rock {Pliolas, Litliodortius, Saodcava, etc.), for which purpose 
they push themselves against the rock with their short blunt foot 
{Pholas, Teredo), and use the hard and often finely sermted edge of 
their shell as a grater, giving it a rotatory movement. According to 
Hancock, the foot and edge of the mantle at the anterior end of the 
gaping shell are beset with siliceous crystals, and effect the excava- 
tion of the rock after the manner of a file. 

The nervous system presents three pairs of ganglia, the cerebral, 
pedal, and visceral gangUa. The visceral ganglia are connected 
with the cerebral by a longer or shorter commissure on each side 
(figs. 496 and 498). Since there is never a distinct head, and sense 
organs do not appear on the anterior region of the body, the brain 
(cerebral ganglia) is proportionately little developed. Its nerves 
supply mainly the region round the mouth and the mantle, to which 
two large nerves are often distributed. The two halves of the brain 
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are frequently ( Unio) far removed from one another laterally, and are 
approximated to the anteriorly placed pedal ganglia (Fecten), whose 
nerves are distributed on the venti-al side of the body in the foot. 
The large visceral ganglia are placed on the ventral side of the 
posterior adductor muscle, and supply nerves partly to the gills and 
pai-tly to the viscera and to the mantle; the latter ai^e two large 
trunks which run in the edge of the mantle and anastomose with the 
mantle nerves from the brain, often forming plexuses. Large nerves 
also pass off from the visceral ganglia to the siphons, at the base 
of which they form an accessory pair of ganglia. 

Sense organs. — Auditory organs, eyes, and tactile organs are 
present. The former have the form of paired auditory vesicles, and 
lie beneath the oesophagus attached to the pedal ganglia (their 
nerve, however, arises from the brain) ; they are characterised by the 
large hair cells which line the wall of the vesicle. Eyes may either 
be simple pigment spots at the end of the respiratory tube (Solen, 
Vemc8)f or be much more highly developed and placed on the edge 
of the mantle of Area, FectuTicultcs, Tellinay and especially of Fecten 
and Spondylus, In the latter genei*a they are placed on stalks 

* 

between the marginal tentacles, and have an emei*ald gieen or 
brown red colour ; they consist of an eye-bulb with a corneal lens, 
choroid, iris, and a well-developed layer of rods into which the optic 
nerve passes. The sense of touch is provided for by the labial palps, 
the edges of the respiratory apertures (siphons) with their papillae and 
cirri, and also the often numerous tentacles at the edge of the 
mantle {lAiiia, Fecten), In all probability the haii* cells found in 
the mantle are the seat of a special olfactory sense (ti-acking sense). 
, The digestive organs begin with the mouth, which is placed 
between the labial palps (fig. 498). The mouth leads into a short 
oesophagus, into which the cilia of the labial palps drive small 
nutrient particles received into the mantle cavity with the water. 
Jaws and tongue are always absent. The oesophagus widens into a 
spherical stomach, at the pyloric end of which a blind sac, which 
can be closed up, is attached. A rod-like transparent stnicture 
{crystalline style) is often found either in the above-mentioned blind 
diverticulum of the stomach, or in the alimentary canal itself. It is 
to be regarded as an excretion-product of the alimentaiy epithelium, 
and is periodically renewed. The intestine always attains a con- , 
siderable length, is much coiled and is surrounded by the liver and 
generative glands ; it projects into the foot and then ascends again 
behind the stomach to the dorsal surface ; it then traverses the 
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ventricle of the heart, passes over (doi*sal to) the posterior adductor 
muscle to open at the hind end of the body into the mantle cavity 
at the end of a projecting papilla. 

The circulatioil is effected by an arterial heart, which is enclosed 
in a pericardium and lies in the dorsal middle line slightly in front 
of the posterior adductor muscle. The heai-t consists of a median 
ventricle, which is perforated by the alimentary canal, and of two 
lateral auricles, through which the blood enters the ventricle. The 
ventricle of the heart of Area is peculiar in being double; the efferent 
aortse, however, unite to form an unpaired vessel. The ramifications 
of the anterior and posterior aorta lead the blood into a compli- 
cated system of lacunae in the mantle and in the interspaces 
between the viscera. These, which coincide with the body cavity, 
represent the capillaries and finer venous vessels ; while, by some 
observers, they have been regarded as a ti-ue capillary and venous 
system. The chief venous sinuses are two lateral sinuses placed at 
the base of the gills, and a median sinus into which the lacunae of 
the foot lead. From these part of the blood passes direct into the 
gills; the main part, however, first passes through a network of 
canals in the walls of the kidney or organ of Bojanus, as through a 
kind of portal circulation, and thence into the gills, whence it is 
returned as arterial blood to the auricles of the heart. Watei Ls 
said to enter the circulation through openings in the foot and to 
become mixed with the blood. Nevertheless the erectile networks of 
the foot are blood-lacunae. 

Organs of respiration. — There are usually two pairs of bi-anchial 
leaflets (gills), which begin behind the labial palps and pass back- 
wards along the sides of the body. The outer surfaces and the 
interlamellar water-spaces of these branchial leaflets are covered 
with cilia, which keep up a continuous flow of water over the gills. 
The outer gill, viz., that lying next the mantle, is usually con- 
siderably the smaller of the two. It is often completely absent, so 
that the number of the gills is reduced to a single pair. Sometimes 
the gills of the two sides fuse with one another across ^t he middle line 
in the posterior region, and may in extreme cases represent a sack, 
like the branchial sack of the Ascidians (Clavagella). 

The most important of the excretory organs — the organ of 
Bojanus, so-called after its discoverer — is a poured, glandular sac 
with folded walls, and of an elongated oval form, whose cavity 
communicate^ with the pericaidium (fig. 498). The substance of 
this gland, which functions as kidney, is composed of a yellow or 
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brown spongy tissue, which is covered with a closely ciliated layer 
of cells, from which concrements containing calcareous matter and 
uric acid (also guanin) are excreted. The simple duct often receives 
the duct of the genei-ative apparatus, or the two organs open 
together on a common papilla on either side. In the Siplioniata, on 
the other hand, the renal and generative openings are almost always 
separate. 

Generatiye organs. — The Lamellibranchs are, with a few 
-exceptions (the genera, CydaSy Fecten,[08treaf Clavagella, Pdndora)^ 
dicEcious. Both kinds of sexual organs lie amongst the viscera, and . 
have the form of lobed or racemose glands, which are placed near the 
liver, surround the windings of the intestine, and extend into the 
base of the foot. The testis and ovary can usually be distinguished 
from one another with the unaided eye by their colour ; the ovary 
being red in consequence of the colour of the ova; the sperm, on 
the contrary, is milk-white or yellow. The openings of the ducts 
are placed right and left near the base of the foot. The form, 
position and opening are exactly the same in the hermaphrodite 
glands, in which the male and female follicles may be separate and 
open separately {Pandora) or together (Fecten, Clavagella, Cyclas) ; 
or the same follicles may function sometimes as ovary and sometimes 
as testis (Ostrea, Cardium norwegicum). In the dicecious forms, 
the male and female animals may diflfer in the shape of the shell, as 
is the case in the fresh water Unionidoe, Here the outer gills of the 
female are used for the reception of the eggs (brood pouch), and 
the shell is more arched. Hermaphrodite individuals are met with 
among the freshwater mussels, both in Unio and in Anodonta, 
The fertilization of the eggs is probably usually effected in the 
mantle or branchial cavity of the female. 

But few Lamellibranchs are viviparous. The fertilized eggs, 
however, almost always remain for some time between the valves of 
the shell, or pass into the branchial leaflets, where they undergo the 
early processes of embryonic development under the protection of 
the mother. This care of the brood is especially conspicuous 
in the freshwater forms; in the Unionidce the eggs pass into the 
great longitudinal canal of the external gill, whence they are dis- 
tributed into the gill spaces, which become enormously widened and 
modified into peculiar brood^pouches. In the empt3dng of these 
brood-pouches the contents are expelled through the great longitu- 
dinal canal as a mass of eggs, united together by mucus and con- 
taining ciliated embryos, or as a continuous string of eggs. 
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afterwards ; while the heart, kidney, and gills are still later in 
making their appearance. Among the provisional arntngements the- 
velum, which proceeds from the aides of the prEBoral ciliated ring, i& 
very generally present, and in the free-swimming larvte has the form 
of a large ciliated ring or collar. 

The development of the freshwater ionas (Cyclaa, Unio,A'nodont(i), 
in which the eggs and embryos are contained in well-protected 
brood pouches, may generally be called direct. The maiine IiamelH- 
bronchs, on the other hand, are bom at an early stage, and swim 
about for a long time as larvie with large umbrella-like velum, from 
which the labial palpa are developed (fig. 503). 

The LameUibranchs ai* for the most part marine and live at 
different depths, sometimes creepmg sometimes s^^imming and 
jumping. Manyare without thepo *er 
of changing their position, inasmucl 
as they fix themselves at an earlj age 
by means of the byssus threads to 
rocks and stones (oysters). Others 
as the boring forms, bore passages in 
the wood of ships and piles and in 
rocks. 

The Lamellibranchs had a wide dis 
tribution in the earlier periods of the 
earth's history, and their fossil shells 
are most excellently preseri-ed ; they 

are therefore of the greatest import- '(ttt^'L^")? 's. Teiomi Sy. apical 
ance as characteristic fossils for the p'"^^ ^I'^^^^ri^r ^k^tTm^' 
determination of the age of formations, ci'e; Pi-.'toot.' 

1.— ASIPHONIA. 

Mantle without siphons. Fallial impression simple. 

Fam. Oitreidn. Oysters. Shell valves unequal, laminated, with weak hinge 
usually without t£eth, and simple central adductor muscle. In the true oysters 
the more arched left valve ia firmly attached, while the right and upper valve, 
which is fastened by an internal ligament, lies as an operculum on the lower 
valve. Mantle completely split and fringed at the edge ; gill lamellie, on the 
contrary, partially fused on their outer edge. Foot absent or rndimentary. 
They iisuatly live together, like colonies, in the warmer seas, where they may 
form banks of considerable extent (oyster banks). They were also represented 
in earlier times, especially in the Jura and in the Chalk. 0»tnia ednlh L.^ 
oyster, on the coasts of Europe on rocky ground ; probably includes a series of 
different species according to the locality. According to Davaine, the oyatere 
SI'S said to produce only male sexual products towards the end of the first year. 
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and it is only later, troni the third year uowardH, that they become ( 
ami produce ova. MoebiuB. on the contrary, asserts that the sperm U the ti 
ionoed. imd not tintil after the pr^naat beast ha8 got Hd of her eggB. The 9 
prodnctioii takes place eepeciallj in the months of June and Jul;, at w1^ 
time, in apite ot liieir estiuonHnary -fertility, the oysters most not be gather' 
O.erUtagaUi t'hemn., in the Indian Ocean. .l«"i«!<i rphippiKm It Plaim 
placeida L. 

Fam. FeeUnilae, Scollops. Shell eqni¥HlTed or unequivalved, but tolen 
eqnisided, with straight hinge line ; often with fan-shaped ribs and bands, n 
single adductor muecle. The free and completely split mantle edges ) 
numerous tentacles, and often emerald green eyes is great number. The small 
foot often HBcretea byssus fibres for attachment. Some are attached by their 
arched shell valve (Spiniiislnji'), othurs swim about by rapidly o[«iiing and 
closing the shell (^Prolen), Many are edible and art- uven more esteemed tha n 
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the oysters, Pertea Jaeubiriia L., P. maj-imiiii L., P. varina L. MediteiTanean, 
Spimdijhtt gat'deropHi L. Lima tqimnuisa Lam. 

Fam. ATicnlidn. With oblique imequivalved shell of laminated testnre and 
inner mother-of-pearl layer. They possess two adductor raviscles, ot which, 
however, the anterior is very small. Mantle com[iletely open. Foot amaU, 
secreting byssus. Ariciiia Mrv«do L., Gni( of Tsrent. Meleitgriita, margari- 
tifera L., pearl mussel, inhabits especially the Indian and Persian Oceans, and 
also the Gulf of Mexico. Secretes pearls.* The internal layer of the shell is used 
in commerce as mother-of-pearl. Mallear riilgarin, Lam., Indian Ocean. 

Fam. KytilicUe (fig. 5(H). Mussels. Shell equivalved, covered with 
thick epidermis, with large posterior and small anterior muscle impressions. 
The tongue-shaped foot fastens itself by the byssus fibres which it secretes. 
Mantle more or less free except a short siphonal opening fringed at the edge. 
Piniia ffaaniKia Qm., Me<liteTranean. Mytilus rdtilh L., edible mussel of the 
North Sea and Baltic (fig. 504). Lithuiiimiis liactylua Sow., iu the Mediter- 

' pf. MoebiuH. " Die echten I'erlen, etc." Hamburg, 1857. 
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ranean (Temple of Serapis at Pozzuoli). Dreyasetia polyniorpha Fall., has 
gradually extended over many freshwater systems of Germany. 

Fam. Arcaceas (Archemuscheln). Shell thick, equivalved with well- 
developed hinge, and covered by hairy epidermis. The two adductors form 
two equally large anterior and posterior muscle impressions. Area No(b L., 
Mediterranean. Pecturiculus piloms L., Mediterranean. 

The TrigonxadsB (Trigoniacea) are allied here. Trigonm 2)ectinata Lam. 

Fam. XTnionidsB (Ki^ades), Freshwater Mussels. With long equivalved but 
not equisided shells, which are covered externally by a strong smooth usually 
brown epidermis, and internally by a mother-of-pearl layer. One of the 
muscle impressions is divided. Foot with cutting edge ; gills fused behind the 
foot. The outer gill plates also function as brood-pouches for the developing 
eggs. They live in standing or running water. 

Anodonta cygiiea Lam., in ponds, A. anatitia L., more in rivers and brooks. 
Unio pictorum L., (Malermuschel). Unio tumidus Betz., batavtis Lam. Mdr- 
garitana margarltifera Retz. (Flussperlmuschel), in mountain streams of 
South Germany, especially in Bavaria, Saxony, and Bohemia. 

II.— SIPHONIATA. 

Part of the mantle edges fused, with elongated tubular siphons. 

Fam. ChamidaB (Chamacea) (Gienmuscheln). Shell uneqiiivalve, with 
strongly developed cardinal teeth and simple pallial line. The mantle edge fused, 
except at three points, viz., the opening for the foot, the dorsal (cloacal) and 
ventral (inhalent) siphons. Charaa Lazarui Lam. 

The TridacnidsB are closely related to the above. Trtdacna gigas L. Hip- 
popus macvlatus Lam. Indian Ocean. 

Fam. CardiidsB (Cardiacea) Cockles. Shell equi valve, fairly thick, heart- 
shaped and arched, with large incurved nmbones, external ligament, and strong 
hinge formed of several teeth. Siphons short. Foot powerful and bent elbow- 
like, sei'ves for swimming ; passes out through anterior slit. Cardiuni eduLe L., 
North Sea and Mediterranean. Hemicardium cardlssa L., East Indies.' 

Fam. Lncinidas (Lncinacea). Shell circular, free, closed, with one or two 
cardinal teeth, and a second quite rudimentary lateral tooth. Pallial line 
simple. 'Mantle open in front, prolonged behind into one or two siphons, 
Lucina lactea Lam. Mediterranean. 

Fam. CycladidsB.^ Shell equi valve, free, swollen, with external ligament and 
thick horny epidermis. Mantle with two (rarely one) more or less fused 
siphons. Live in fresh water. Cyclascortiea L., Puidium Pf. Corbicula Miihlf. 

Fam. CyprinidsB. Shell regular, equivalve, elongated to an oval, closed, with 
thick and strong epidermis. One to three principal cardinal teeth, and usually a 
hinder lateral tooth. Pallial line simple. Mantle edges fused to form two 
siphonal openings. Cyprina island ica Lam., Isoeardia cor L. Mediterranean. 

Fam. VeneridsB. Shell regularly round, or oblong with three diverging car- 
dinal teeth on each valve. Pallial line bent in. Siphons of unequal size, fused 
at the base. Venus verrucosa L., Mediterranean. Cy titer ea Cliione L., edible, 
Mediterranean. C, D'wne L., Atlantic Ocean. 

Fam. MactridsB (Fig. 499). Shell trigonal, equivalve, closed or slightly 

* Fr. Leydig, " Anatomic und Entwickelung von Cyclas." Milller'g Archivy 
1835. 
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gaping, with thick epidermis. Two diverging cardinal teeth. Pallial indenta* 

tion short, rounded. Siphons fused, with fringed openings. Mactra stnltorum 

L., Mediterranean. I/utraria Lam. 
Fam. Tellinidas. With two long, completely separated siphons ; edges of 

mantle widely open, bearing tentacles. Triangular foot. Ihllina haltica Gm. 

T, radiata L. Donax trunculvs L. 
Fam. MyidsB (Gapers). Mantle almost completely closed, with slit 

for the protrusion of the short or cylindrically elongated foot, and very long 

fleshy fused siphons. The valves gape at each end and possess, 
a weak hinge. Bury themselves deep in mud and sand. Solen 
vagina L., razor shell. Mya truncata L. (Gai)er). 

Fam. OastrochaBiiidsB (Tnbicolids). Shell thin, equivalve,. 
toothless, sometimes inserted in a calcareous tube formed by 
an excretion of the mantle. Mantle with one small opening 
anteriorly and prolonged behind into two fused siphons 
with terminal openings. Gantrochcetia clava L., Clavagella 
hacillaris Desh. Axpergillumjaranum Lam., Indian Ocean. 
Fam. Fholadids. Boring mussels. The valves of the two 
sides gaping ; without cardinal teeth and ligament, but 
with accessory calcareous pieces which lie either on the 
hinge (^PJu}las) or on the siphons (^Teredo, fig. 505). Mantle 
with only small opening for the passage of the thick foot. 
Siphons elongated. Bury themselves in mud and sand, or 
bore into wood and even into solid stone, calcareous rocks 
and corals. They form passages, from which they protrude 
their fused siphons. Pholas dactylint L. Piddock, P//. 
crai<i<ata L. Teredo navalh L. (Fig. 505) Shipworm, was 
the cause of the famous dam-break in Holland at the 
beginning of last century. 



SCAFHOPODA. 

Dioecious Mollusca without head, eyes, or hearty 
with tri-lobed foot^ and tubular calcareous shell 
open at the two ends. 

Fig. 605. — Teredo 

navaiia, removed The Scaphopoda are allied to the Lamellibranchs. 
fromits calcareous fhe admirable investigations of Lacaze-Duthiers*- 

tube, with elonga- ^ ° 

ted siphons (after first cleared up this group of Molluscs, which were 
Quatrefages). £^^ ^ long time known as Cirrohranchiata and 

grouped amongst the Gastropods. He showed that they are closely 
related to the Acephala, and constitute forms transitional between the 
latter and the Cephalophora, 

The shell is an elongated, somewhat bent, open, conical (with the 
apex broken off) tube, and contains the animal, which has a similar 
shape and is fastened by a muscle to the thinner lower edge of the shell 



* Lacaze-Duthiers, •' Histoire de I'organisation et du d6veloppement du Den- 
tale." Atin, des Sc. Nat., 1856-1858. 



{fig. SOU). The body possesses a si\ccular mantle, lite the shell open 
at both ends, and a ti'ilobed foot ; the foot is pi-otmded through the 
larger of the openings of the shell from the iinterior opening of the 
mantle, the margin of which is thickened. A separated cephalic 
region is not present, hut there is an egg-shaped projection in the 
mantle cavity, at the upex of whieh is pliiced 
the month, surrounded by eight leaf-like liibial 
apjiendagef.. 

The buccal armature con- 
sists of ii lateral (fight nnd 
left) rudimentary jaw, and a 
tongiie Ireset with live i'owk of 

The alimentary canal is 

divided into a buccal cavity, 

lusopbagus, stomach with large 

hvei', and an mtestme, which 

after several coda closely 

pressed togethei , opens behind 

the foot into the middle of the 

mantle' cavity. 
The oirculatoiy organs ai-e 

reduced to two mantle vessels 

and a complicated system of 

wall-less spaces of tlie liody 

cavity. 

Bespiration is effected by 

the surface of the mantle and 

also by the filifonn tentacles, 
two lidges 
.Br. Bills iJT, kid. \"^"«"« «™«./ behind the ^ 
nw; A liver; c, head-like buccal prolongation. 

rectum, and opens by two openings placed on 
"the right and left of the anus. 

The nervous system consists of tkree gj'oups 
■of ganglia, of which the pedal ganglion bears two otocysts. Eyes are 
absent. The numerous ciliated tentacles serve aa tactile organs. 

The Soaphopoda. ai-e dicecious. The ovaries and testes are un- 
paired finger-shaped lobed glands, which are placed behind the liver 
*nd intestine, and open to the exterior with the light kidney. 




ITIS. 606, —Dtntaliajt 
Tannli*itm (after 
Luaie- Dnlhiera), 
Animal tdchom 



Bids, p.lljot: Ml, 
cinolv mUECle dI 
mantlBi jW.lougi. which arise fi'Ol 
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: T, tentacle collar ; 
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Tiie imimals live Iniried in mud, ;iLd ci'eep about slowly by i 
of the foot. The young i>wini about for some time as liirvw, provid* 
with ciliated ttift aud ciliated collar ; tlien npquife a shell, which J 
almost bivalve, a velum, nnd foot ; the whell subsequently becom 
tubular (fig. 50T). 

Order. — Solenoconclue. 

Fam. DBntftlidtB. l>c«l''/iiim •■•iMIkI.., B. rh-pliaiitniiui: L.. MciU 




Class n.— GASTEOPODA.^ 

MoUusea mth dUtinct head, often bearing leiUadeg ; i 
muaeular fool and undivided vuintk, wJiiefi- frequently gecretea a git/q 
plate-a/uiped or apirtUly tiviet,ed ahell. 

The anterior part of the body or head iisuaUy beaiti two or f 
tentacles and 
eyes, which 
placed sometimes at 
the apex, usually at 
the base of a pair of 
tentacles (fig, 508). 
The muscular Foot 
projects from the 
leutml side of the 
e hotly ; its form 
and size presents 
numeimis modifications. As a vale it has a broad and long plantar 
surface ; but in the Heteropoda it has the form of a vei'tically extended 
fin. The shape of the body depends on the position and form of the 
mantle. The latter is placed like a cap on the doi'sal surface, 
and consists of a more or less considei-able fold of the dorsal integu- 
ment ; its edge is usually thickened, sometimes also pi-oloi 

• Martini aad Chemnitz. Cgiiclijliec -Cabinet. 12 Bde. Heraiiaaegehen 
Kiister. NiiroberB, lS37-18fiii. 

Sowerhy. " TheBBunia conchy lionim. or figiu-cs and descriptions of shalll 
London, 1832— 18U2. 

Beeve. " ConcholDgia ieoniea, etc." London, 1842-1662. 

H. and A. AdsniB. " The genera of the recent Mollusca," 3 vols. London, I3S 

H. TrOBChel. " Das Gehins der Schnecken." Berlin, i6B6-ierS. 

Woodivacd. " Manual of the Molhisca." 2nd ed., Ijjndon, 1868. 

Fol. " Etudea sur le dSveloppement des UiillDsqueB." I. and 11. 

0. Kobl. ■' Ueber die Entwictelung der TellerBchneckc.'' Morpiiol. JohrbnClJ 
Tom. V. 1819. 
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kiLes or (Iniwii out into [wocaswes. Tho lower Mii'face of tlie mantle 
isually serves as tlie i-oof of a cavity, whi<'li extends on to the dorsal 
Knrface and also on to the sides of the hody. This cavity contains 

3 respiratory organ, and opens to the exteiior by an apertui* or 
tabular prolongation at the mantle edge. 

The body cavity is developed on the doi'sal surface of the foot, 
nsnally in a visceral sac, which pi*oject*i like a iiei-nia. The visceial 

c tapers gradually at its upper end, and is nsnally spiially twisted, 

le mantle and visceral saj; are covered by the shell, which to iv 
»rtain extent repeats the twistiugs of the latter and can usually 
wmpletely i-eceive and,prot«ct the head and foot when the animal is 
Mtracted. The sJiel! is as a i-ule hard and calcai-eous, ani^possesses 

1 internal nacreous layer similar to that of the mother-of-peari 
ayer of the Lamellibranch shell. The siiell is Hometiiaes delicate, 
lOmy, and flexible, or it may have a 
[elatinous {Tiedmannia) or cartiliginous 
[Cymbulia) consistency. Moi* rarely the 
Shell is so small that it only covei-s the 
lautle cavity with the i-espii-atory oi-gnns 
r lies hidden completely within the mantle 
[ZijHax, PleurnhTandiiaia). In other caies 

is thrown off iit an early stage, so that 

e adult beast is completely without h 

ell {NwlibranehiaUi.). The shell diflers no, »ob.— Scoiiim throuuii the 

yra that of the LamettihrandiiaUt in being gaew of Bria fnmana. 

mpwaed of a single piece; it is either flat and cup-shaped (7'a(sZ&i) and 
tncoiled, or it is spirally twisted in very different ways, from a flat 

c-shaped to the long drawn-out tun'et-shaped spii-al (fig. 509), la 

B first case it more resembles the embryonic shell, which lies as a 

licate, cap-shaped coveiing on the mantle. The growth of the 
jell keeps pace with that of the animal, the additions l)eing made 
i the edge of the shell, viz., to that part which lies on the edge of 

e mantle. In consequence of the inequality of this growth spiral 
arise, the diameter of which gmdually and continuously 
Inasmuch as the unsymmetrical growth of the shell is 
Be to the unequal growth of the body, the position of the openings 
I the impsh'ed organs (auus, sexual opening) to one side of the 
feat extei-nal Up of the shell is intelligible. 

The following parts may be distinguished in a spimUy-tmsted 
aell ; (1) the apex, as the part of the shell at which the growth 
^gan and from which the sphfll twistings started; (2) the opening 
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•or aperture, which leads into the last and usually largest turn of the 
spiral ; its lip {peristonui), swollen in the adult animal, lies on the edge 
of the mantle. The spiral is twisted to the right or left round an 
axis which is directed from the apex to the apertui'e, and is indicated 
either by a solid spindle (columella) or a hollow canal. When the 
turns of the spii-al are far removed from the axis, this canal may 
become an almost conical space with a wide opening {Solarium), 
The turns are usually closely applied to one another ; more rarely 
they are separated (Scalaria pretioaa), Accoi*ding to the position of 
the columella, a columella edge or inner lip andean outer edge or outer 
lip of the aperture may be distinguished. The latter may be entire 
(/wlostomatous), or broken by an excavation which is often prolonged 
into a canal (siplwnostom/itous). In many Grastropods an operculum 
is added; this is usually placed on the hind end of the foot, and 
<jloses the shell aperture when the animal is retracted. Many tenses- 
trial Grastropods secrete before the beginning of the winter sleep an 
operculum, which is thrown off again in the spring. 

The slimy integument consists of a superficial layer of cylindrical 
•cells, which are frequently ciliated, and of a connective tissue dermis, 
which is inseparably connected with the dermal muscles. Cal- 
careous and pigment glands are placed in the integument ; they aie 
•especially numerous at the edge of the shell, where they contribute to 
the growth and peculiar colouring of the shell. The shell, which is 
a cuticular sti-ucture, is secreted by the epithelium, like other cuticular 
structures; it becomes hard when the calcareous salts which are 
mixed in the organic basis assume a hard and crystalline condition. 
The superficial layer of the shell often remains uncalcified as a thin 
delicate epidermis, while the inner surface is thickened by mother-of- 
pearl layers (secreted by surface of mantle). The connection of the 
animal to its shell is effected by a muscle, which on account, of .its 
position on the spindle (columella), is called the spindle muscle. This 
muscle arises from the dorsal part of the foot, and is attached to 
the spindle at the beginning of the last turn of the spiral. 

The nervous system presents a great resemblance to that of the 
Lamellibranchiata, but there are many differences in detail. 

In the Flacopthora, whose nervous system presents close relations 
to that of Neortienia and Chcetoderma, the ganglionic swellings are 
not marked (fig. 495). In all other cases the three typical groups 
of ganglia are present. * The cerebral ganglia (fig. 497, C y) are 

* The subjoined account of the nervous system is slightly modified from the 
German. — Ed. 



OASTSOPODA. 33 

connected together by a transverse band, and each of them gives off 
& commissure to the pedal ganglia, {P g), and a second commissure to 
a pair of visceral ganglia {P^g)- Tike latt«r ganglia, which are 
known as the eonimiaturcd or pleural ganglia, are also connected with 
the pedal ganglia (fig. 497). There are thus two nervous com- 
missures round the cesophagua — the direct cerebro-pedal, and the 
cerebro-pedal by way of the pleural or commissural gangha. The 
pleural ganglia may lie directly on the cerebral or pedal ganglia. 




diolii (diagrimmi 
Pg, pedal KBoglion; Pig. pleural ganglion 
ganglion ! O and O; olfactory orgmn ; Ft. pedal Ci 



The pleural ganglia are part of the third typical group of ganglia, 
viz., the visceral group. They are connected with each other by a 
long commissure, the visceral commissure, which often extends into 
the hinder part of the body, and contains several ganglia in its 
course ; the latter ganglia, which also constitute part of the visceral 
group of ganglia, send off nerves to the sexual organs, kidney, heart, 
gills, olfactory organs, and mantle (fig. 497, G sb, Vg, Gsp; fig. 510 
a, 0,0', Ag, fig. 510 6, ^ y). 

The visceral ganglionic system of Gastropods is therefore broken 
vol.. II. 3 
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up into several ganglia, and is connected with the pedal (by the 
pleuro-pedal commissure) as well as with the cerebral. 

In the Prosobranchiata the position of the visceral commissure, 
with its ganglia, and nerves presents a peculiar condition {Chiasto- 
neura) ; the commissure from the right pleural ganglion passes over 
(dorsal to) the alimentary canal to the left side, and here forms 
a ganglion — ^the supraintestinal ganglion (fig. 497, G 8 p) — which 
supplies the left side, while the commissure from the left pleural 
ganglion passes under (ventral to) the alimentary canal to the right 
side, and there gives rise to a ganglion, the stMntestinal ganglion^ 
which supplies the right side (vide also fig. 510 a). The part of the 
visceral commissure, which connects the supra- and sub-intestinal 
ganglia often cx)ntains one or more ganglia ( Vg, A g), McH'e rarely 
this ci*ossing is less clearly marked. The cerebral ganglia always 
give oflf a pair of nerves, one on each side of the oesophagus, to the 
buccal ganglia, which give oflf nerves to the mouth and alimentary 
canal (fig. 497, B g). 

Sense organs. — Eyes, auditory vesicles (otocysts), tactile and 
olfactory organs are present. 

The eyes are paired, and are usually placed at the end of stalks, 
which are as a rule fused with the tentacles. The eyes are largest 
and most developed in the Ileteropoda* in which group they are 
fastened in special transparent capsules and admit of a movement of 
the bulb. 

The two otocysts are ciliated internally, and are, except in the 
Heteropoda, connected with the pedal ganglion (fig. 497, 1\ 
although their nerve always arises in the brain. 

Tactile organs are represented by the tentacles, the edges of the 
lips which are often folded, and lobe-like prolongations which are 
found here and there on the head, mantle and foot. There are 
usually two tentacles ; t exceptionally they are absent (Fterotrachea, 
etc.). They consist of simple contractile prolongations of the body 
wall, which can sometimes (Pi^mona^a) be invaginated into the interior 
of the body. Certain peculiar hair cells, from which tufts of hairs 
project in the aquatic Molluscs, are to be looked upon as the seat of 
a special sensation. They are scattered over the whole surface of 
the body, and are especially aggregated upon the parts of the body 

* V. Hensen. " Ueber das Auge einiger Cephalopboren." Zeit.fiir miss, Zool,, 
Tom. XV., 18fi5. 

t W. Flemming. " Untersuf-hungen iiber Sinnesepithelien der Mollusken." 
Arch.filr, mik, Anatomie^ Tom. VI., 1870, 
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I Berving for the tactile sensation. The nntnriTirr nf the teiTestiial" 

Gastropods possess on their end-platea a greiit number of tine sense- 

ceU*! {cluh-ahaped cells with rods Fleraming} which are plnced between 

spetiiilly mod bed ep thelial cell and probi blv f notion as olfactory 

^_ organs Recentlj n org n which as [ p sed to be a I'lidi- 

^b mentaiy gill and r ue t d trom the p nte=tina,l ganglion, 




ViQ. £11.— ADBCom; ot Helix ftrtatia (arifr CuWcr). Ths msntte CHTltj ia opened on the 
be mADlle i« lamocl ovor to the right, Tlte body cavity had been opened 
1 ftre loiiitvellBiL Cj, cereLral ganglion ; Sji, salivary glHud; JJ, Bionmchi 
L. liver, A, una»; X. kidney; Jt. auricle; C, venlriclet Fl, lung; Z,!, 
glaaS, invested by the lobes of Ibe liyar : Ed, Hlbamau gland , F', 
pnialaM ; VI, uterus [ Ei, rscBptiwuluiia aerainlB ; Dr, flngar-sbapel glanda ; ~ " 



Y, fiagvllumi Mr, 



muAcle ; Sp4 ipindle muacle. 



i been recognised a 



B organ and explained as an olfactory * 



In the Zeugobranehiata {Fuaurella, Ifaliotu), two each organs are 
present, one on the right and the other on the left side, and are 
indicated by a conaiderable ganglion. 

The digestive Oi^hus rarely have a straight coureie ; they are 

■m dcT Jloliusken." 
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lod as a rule bent! forwai-d.s to open in i 
e mantle cavity. The anus, however, is si 
timea on the dorsal surfaiM behi 

Many of the higher Gastro 
possess an invaginable proboscis, 
invagination beginning at the base ; 
others possess one which is retractile 
from the point. The mouth is bonnde 
by lips, and leads into a buccal c 
armed with hard ma,!^ticating structui 
and receiving the ducts of two fa\vn 
glands. The buccal cavity leads is^ 
the oesophagus, which is followed by J 
dilated stomach, usually provided i 
a Ciecal appendage. The stomach opens 
into an intestine, which is usually long 
and much coOed, and surrounded by a 
very large, multi-lobed liver. The liver 
occupies nearly all the upper part {upper 
) of the visceral sac, and pours its 
seci-etion into the intestine and aleo 
into the so-cttUed stomach (fig. 511). 
The arrangement of the digestive canal 

and of the liver presents in details many essential modifications ; one 

of the most remarkable is that offered by the intestine with its 

hepatic weca of the Phlebenterata 

(fig. 512). The terminal portion of 

the intestine is distinguished by its 

size, and may be caUed the rectum. Oe.^ 
The armature of the buccal 

cavity consists partly of jaws 

placed on the upper wall, partly of 

the so-called lingual ribbon {radu- 

la), placed on a tongue-like pro- j 

jection of the ventral surface of 

the buccal cavity. 

The jaws consist either' 

curved homy plate, placed close 

behind the edge of the lip, or of two lateral pieces of very different" 

form, between which, in some Pulmonate?, there is an unpaired 

piece. There are no lower jaws; but on the floor of the buccal 



*t, (EWtphagOB; 



•T tile doTBol a| 




l3.-LonRitndi 







GASTROPODA. 



37 



cavity there is a ridge, partly muscular and partly cartilaginous, 
which, from its resemblance to the tongue of the Vertebrata, has 
received the same name (fig. 513). The surface of this tongue is 
covered by a tough membrane, known as the lingual ribbon or radula, 
on which are arranged transverse rows of plates, teeth, and hooks 
of a characteristic form. Behind, the radula passes into a cylindrical 
pocket, the so-called radula sheath (fig. 513 Z\ which projects in a 
tubular manner from the lower (ventral and posterior) end of the 
buccal mass. The radula is secreted in the radula sheath. The 
size, number, and form of the plates and teeth on the surface of the 
radula vary in different forms, and afford important systematic 
characters for genera and families. 

In the transverse rows of plates — the so-called segments of the 
radula membrane — median, intermediate, and lateral plates may be 




Fie. 614. 



, A segment of the radula of Pterotrachea Lesueurii (after Macdonald). 
ot NeretinaJtHviatUU (after S. Lov^n). 



h, ditto 



distinguished (fig. 514 a, h), Troschel believed that natural divi- 
sions could be formed according to the special structure of the 
armature of the radula. But this one-sided systematic treatment 
raquires many corrections, as has been especially shown in the case 
of the Tsenioglossa and Bhipidoglossa. 

The vasciilar system presents numerous and essential variations. 
The heart is enclosed in a special pericardium, and is usually placed on 
one side of the middle line near the respiratory organs (^^, 515). It 
usually consists of a conical ventricle, which gives off the aorta, and 
of an auricle which is turned towards the respiratory organs, and into 
which the blood passes by veins. In some G^istropods (Gastropods 
with two gills, Haliotis, Turbo, Nerita, FissureUa, etc.), the heart 
resembles that of the Lamellibranchs, in that there are two auricles 
and the ventiicle is pierced by the rectum. The aorta usually 
divides into two arteries, of which one passes forward and gives off 
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many bi-anches to the head nnd foot ; while the other pssseR dors 
wards to tlie visceiu {fig. 515, A<t, Ao). The arteries temuaate b 
opening into blood spiicea of the body cavity without special \ 
from which the blood passes either through the branchial i 
monary) arteries, or directly, without travei-sing intermediate v 
{Heteropoda and many ^vdihraneliiata), to the respiratory org 
whence it ia returned through branchial (pulmonary) i 
auricle. The amvngementB described as obtaining in the j 
hranchiata, by which water is able to enter the blood spaces a 
dilute the blood, are said to occur also in Gastropoda. 
In small number of Gaetropoda only is respiratio: 




a. ALG, — Kervons t^stem and Dirrmlatory orgBjia of I*alvdina civijtara (gjter L^dig). 7, 
lenlaole ; Oe, ceaophagne ; Cg, oerabral ganglion witli eye j Fs, pedal goagllon with 
ojljaoenl otocyal i Fjj, visceral gimBlinn; Pis, pharyiigBal ganglion; A, »iiricl8 of 
hewt ; Vt, ventriolo ; Aa. abdominal aoria ; Ac, cephalic aorta ; V, vBina i Vs, efferent 
TBin i Br, gill. 

exclusively through the general integument. By far the greater 
number breathe through gills, and many through lungs ; a few com- 
bine branchial and pulmonary respiration. The gilla aj-e usually 
foliaceous or pennate cutaneous appendages, which are generally 
placed between the mautle and foot and enclosed by the mantle 
fold ; in rare cases they are exposed and placed on the dorsal 
surface. The mantle cavity is therefore at the eame time the 
respiratory cavity. 

The primitive arrangement of the gills appears to be that found 
in the Zmtgohrandiiata, in which there are two, one on each 
side ; but, usually an asymmetrical development takes place, and 
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e gill only renmma (hg 616^ TLb re'ipiration of air is confined 
^ some Proiohranchiata and to the Puliiwnatu In this case also 

e mantle cavity serves as the respiratory cavity, but it differs from 

B branchial cavity by containing air, and possessing, instead of a. 
a, rich network of blood spicea and vessels on the inner surface 
■ its roof. Both branchial and pulmonary cavities communicate by 
B long slit along the mantle edge or by a small round aperture, 

jable of being closed, with the external medium Frequently, 
:■, the edge of the m<uitle la prolonged into a long respiratniy 
feibe of variable length, which if. analogous to the siphon of the 

melUbrane/tiaia This siphon coi responds., aa a rule, to a notch or 
mal of the shell {luhp 32) 




The structure of the respiratory organs has become of importance 
for the classification of the larger groups. According to the position 
of the respiratory organs, with regard to the heart and its auricle, 
two greoit divisions can, an Milne Edwards has pointed out, be 
established: (1) the Opiaihohrancldata, in which the auricle and 
gills are placed behind the ventricle; (2) the Prosobraw:hiata, in 
which the auricle, with the branchial vein entering from the front, 
lies in front of the ventricle. As far aa this character is concerned, 
the Heteropoda and most Pulmonata are allied to the latter group ; 
_l>ut iAie Pulmonata, in many features of their organization and in 
^eir hermaphroditism, stand closer to the Opistihobranchiat-a. 
I The kidney (fig, 616) is the most impoi-tant excretory organ of 
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the Cephalophi/ra, It corresponds in position and structure to the 
organ of Bojanus of Lamellibianchs. It is, however, usually un- 
paired, and lies near the heart as an elongated triangular sac, with 
spongy (rarely smooth) walls of a yellowish brown colour. The 
secretion of the gland consists mainly of hard concrements, which 
arise in the lining cells, and consist of uric acid, calcareous and 
ammoniacal salts. It opens near the anus into the mantle cavity, 
either immediately by a slit capable of being closed, or by a special 
excretory duct running with the rectum. 

The Gastropoda generally possess, in the roof of the respiratory 
cavity, a mucoibs gland, which often pours out an enormous quantity 
of its secretion through the mantle orifice. The purple gland 
{Purpura, Murex) lies in the roof of the mantle cavity, near the 
rectum. It is a long, whitish -yellow glandular mass, the colourless 
secretion of which, according to the investigations of Lacaze-Duthier, 
quickly acquires, under the influence of sunlight, a red or violet 
colour. The secretion of this gland was known to the ancients, and 
prized by them on account of its permanence. The coloured fluid, 
3vhich is excreted from pores of the skin of many Opisthobranchs, 
e,g,, Aplysia, must not be confounded with the genuine purple. 

Another gland, whose function is not accurately known, is the 
pedal gland of Limax and Arion, It extends through the whole 
length of the foot, and consists of unicellular glands, the delicate 
ducts of which open into the band-shaped main duct. The latter 
opens to the exterior between the foot and the head. In many 
naked Pulmonates {Arion) there Ls, in addition, a gland at the 
point of the tail, which secretes considerable quantities of mucus 
with great rapidity. 

Generative Organs. — Some of the Gastropoda are dioecious, some 
are hermaphrodite. The Pulmonata and Opisthohranchiata are her- 
maphrodite ; the Prosohranchiata are dioecious. Almost all Gastro- 
pods lay eggs, usually in strings. Only a few bear living young, 
which have developed from the fertilised eggs in the uterus. 

The female organs consist of an ovary, oviduct, albumen gland, 
uterus (dilated and glandular part of the oviduct), vagina, and 
receptaculum seminis. 

The male organs consist of a testis, a vas deferens with seminal 
vesicle, a ductus ejaculatorius, and external copulatory organs. 

The hermaphrodite forms are distinguished by the close connection 
of the male and female generative glands and their ducts ; for not 
only are the latter in direct communication with each other, 



OASTROPODA. 



41 



rat the ovaries and testes are, with a few exceptions {Aeteeon, Jamts), 

United in one hermajihrtKlite gland, which is usually imbedded 

mong the lohes of the liver. The oya and spermatozoa arise 

Bther in diSereut but a<ljtvcent follicleB of the lobed or branched 

hermaphrodite gland (yiulHiraTiehiata), the ovai'ian folUclea being 

■ placed peripherally to the semeniferous foUit-les {^olis) or the 

Jiepithelinm of the same follicie pi-oduees in one part ova, in another 

1 pai-t spermatozoa, not however usually at the same time, the maturity 

of the mnle element preceding that of the female (terrestrial enaHs). 

The efferent duct of the 

female is neoriy always 

provided with a separated 

albumen gland, and a re- 

3eptaculum seminis (fig. 51 7 ). 

Lin the Gdicidce the vaghia 

Lbeai-s two tufts of tinger- 

laped glandular tubes and a 

Bcuiiar sac — the dart-sac— 

Kikicb prodnces in its interior 

, dart-like calcareous rod. 

The latter — tlie ao-cnJIed 

love-dart — is attached to a 

papilla at the base of the 

c ; it is protruded during 

jnpulation, and seems to play 

She part of a stimulating 

It is usually broken Eo 

inring use and is replaced pis. bi7.— eexi 
by a new one. The ^™^^^^ 
lale generative opening is grouTe; n. 
tiways in connection with a f ' \. j' i^'j "i™''"^''"™ aeminiBi ±i, 

^rotrusible penis, and usually conuumi geniail opening. (Atlor BaMBn). 

opens with the female into a common lateral clouea. 

The atructui'e of the generative organs in the dicecioua Gaatropoda 

resembles that of the hei-maphi-odite forme. A receptacuium 

and an albumen gland may be present in the female 

^^Pidudina), The ovaries and testes lie hidden among the lobes of 

I liver, and the sexual orifices are placed laterally. The males 

mlmost always possess a projecting penis, which is either perforated 

Y the terminal part of the vas deferens (Bttccinum) or traversed by 

A furrow, at the base of which the sexual opening is placed. When 
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tlie penis is remote fi-om tlie Rexnal o]i6niiig, a ciliated furrow 
present, which conducts the spemiatoKOa from the opening to 
penis {Murex, Dolium, Strombus), 

The embryonic* development begins with an unequal segmi 
tion leading to the formation of a blastula or gastrula. Later 
embryo acquires a ciliated Telum, the first rudiment of the shell, foot, 
and pnmitive kidney, and rotates in the fluid albumen, of the egg 
by the Tibrations of the cilia. 

The free develi^ment is either direct, the juat-hatched ani 
posseaaing (excepting for the rudiments of larval organs) the ft 
and organization of the adult (PulaurmUa), or it taken place 
metamorphoBis. Almost all marine Gattropoda develop by 




Fid. £18.— Sdbh staples in tb 

optical Bectiim ilirongh a, BejnDe 

(lower) pole. Jfi, inBsoaerm cells : Sit, emloilBrm ; Ee. oeiodBrm. o, ObUqne optical 
longitudinal seotion through the itaee n'itb fOnr mesoderm cellB. d, OldeT embryo, in 
which the afaell giaud bus shifted to Ibe right. Mr, shell gland ; S, shoU ; O, month ; 
D, flliroenta:? canal ; S, commenolng radula ; Sp, apical plslo (tbickanlng of prffioral 
lobe); On, Bjea; Oi, otolith; S, primilive kidney; Ve, velnm. 

morphosifi, and the larvK possess two large ciUated sails {velum), which 
serve as locoraotory organs in place of the BtUl vudimeEtary foot. 
The shell, which is already present on the dorsal surface, is still small 
and flat with hardly any trace of the spiral twisting, and can usually 
be closed by an operculum which is attached to the foot. Very often 
a change of shell is effected, the old embryonic shell being thrown off 
and a new one formed in its place. 

• Cf. especially. 

N. Bobretzky, " Stadion iiber die embrjonale Entwickelung der Gastropoden, " 
Archir fur mik. Amt., Tom XIIL. 1876. 
C. Gabi, '■ Deber die Eatwickeluug der Tellerscbueclie." itm-ph. Jahrb. 
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By far the majority of Gastropoda are marine ; the Basomrnato- 
phora and some Prosohranchiata {Paludina, VaJ,vatay Melania, 
Neretina, etc.) inhabit fresh- water. Many Idttorina^ Cerithia, 
Melcmia, etc., live in brackish water. The Cj/doetomidce, and the 
Styhmmotophora among the Puhnonates, are terrestrial. Further, 
many branchiate Gastropods are able to live for some time out of 
water in dry places; in such circumstances they are withdrawn into 
their shells, the opening of which is closed by the operculum. 
Almost all move by creeping ; some, however, as Stromhua, jump ; 
others, as OUva and AncUlariaf swim excellently by the aid of the 
lobes of their foot. Some marine forms^ as MagUua, Vermetua, etc., 
are fixed by their shells; a few only are parasitic, as Stylifer on 
sea-urchins and starfishes, Entoconcha mirahUia in Synapta. 

The method of nutrition differs as much as the habitat. Many, 
especially the Siphonoatomataj are voracious predatory animals, and 
prey on living animals ; some branchiate Grastropods, as Murex and 
Naticay with this object bore into the shells of Molluscs; several 
(Strambua, Bucdnum) prefer dead animals. An equally large 
number, viz., almost all Pulmonates^ and holostomatou& branchiate 
Gastropods, feed on plants^ 

Order 1. — Pbx)80branchiata.*' 

DioBcioua branchiate Gastropoda yyith ahdl, amd with gills in front of 
the hea/rt. 

Behind the usually distinctly separated head lies the respiratory 
(mantle) cavity, into which the rectum^ kidney, and oviduct open. 
In rare cases two gills are present, as a rule the right gill is absent. 
The branchial veins enter the heart from the front. Cerebral, pedal, 
pleural and visceral ganglia are present. The males are, as a rule, 
more slender, and are easily recognized by the large penis placed 
on the right side of the anterior part of the body. In the generative 
organs, the accessory glands are usually absent. The eggs are sur- 
rounded by albumen and laid in capsules, which are frequently fixed 
to foreign objects; more rarely they are attached to the foot and 
carried about {Janthina), 

* Fr. Leydig, "Ueber Paludina vivipara." Zeit, fih'.wiss, ZoeL, Tom II., 
1850. 

B. ClaparMe, "Anatomie und Entwickelungsgeschichte der Neritina flu- 
viatilis." MiUler's Archiv., 1867. 

H. Lacaze-Dutbiers, " M^moire ear le syst^me nerv. de THaliotide et M6moire 
BUT la Poupre.*' Ann. des Sc, Nat., Tom XII. and XIII 

N. Bobretzky, l.c. 



Suli-order 1. Flacophora.* Body vermiform, gjimmelricai, wilh- 
ofit eyea and ienUiclea. VeiUral surjace Jialtened ; dorsal sw-faci 
QOi'ered bff ealeareov^ platea placed 171 a se^meiUal iiianner one hehind 
tlte otfier. GUIs and kidney paired. 

The Plficophora are the most nearly allied of (JlMoUiiaea to certain 
fmine of worms, to wLich tliey approjamate thi-oiigh the {.'enerfi 
Neomtnia and Ckfetodeitna. The symmetrical body does not possess 
a separated head, eyes, or tenbwies. The iiitegotnent preKents 
ntimerous scattered epiaes, which are Bonietlittes hard aiid chitinoufl, 
and Bometimes calcified ; they always arise in spedal follicles lined by 
ectoderm t-ells. lu addition to these integumentary stiiictures, which 
are (tlao pi'cseut in CkiElnderma, there are a series of broad calcareous 

• plates on the dorsal surface, which are only 
exceptionally covered by the mantle {Ciypto- 
dtiton), and which, according to their ongin, 
represent a multivalve Molliiscan shell. Tlie 
free edge of the mantle is moderately thickened, 
and tinder it on each side is placed the small 
mantle cavity as a furrow containing a sei-iea 
of leaf-like gills (fig. 519). 
Of special interest is the simple condition of 
the nervous system (fig. 49o), which greatly 
resembles that of the Gephyrean-like genera 
Neomenia and Chcelodenia. Cerebral ganglionic 
riG.fiiB.— e*iVos (ipisifirutj swellings are absent, in correspondence with 
''"°"" ^ ^* " '" the want of eyes and tentacles. Four nerve 
trunks pass off from the double oisophageal ring, an upper latei^al 
pair, the palUai nerves, and a ventral pair, the pedal nerves, which 
latter are connected by ti'ansverse commiaeures. Pedal and visceral 
ganglia are not sepai'ated as ganglionic swellingB from the nerve 
stems. Buccal ganglia, on the contrary, are present. 

The alimentary oanal begins with the month, which is placed on 
a roundish lobe ; it is much coiled, ajid extends through the whole 
length of the body, to open by the anus at the hind end. As in 



• A. Th. MiddendorfE, " Beitrage zu einer Malapozoolonea riwsica. 1. 
Beecbrcibun^; nnd Anatoiuie ncuer odcr fiir BiiHsland nenci' C^itonen." Slim. 
Aead. Ii"p.,Si. Fetenhvrg, tS48. 

B. Ldv^q, "Ueber die Entwickelong der Gattong Chiton." Arcliiv f&r 
Ifatvrgemh., 1 856. 

B. Haller, "Die Organisation der Chitonen der Adria." Arbeiten, a. it. Zool 
Imt. in Wien., Tnm IV., 18S3. 

Vide also Tullberg's and Graff's works on Neomenia and Chatoderma. 
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most Cephalophora (Odontophora) a large muscular mass, the tongue, 
covered by a hard chitinous plate, the radula, is found upon the floor 
of the buccal cavity. The heart, on the other hand, more nearly 
resembles in structure and position that of the Lamellibranchs, in that 
it consists of two auricles opening into a median ventricle, which lies 
over the rectum. 

The kidneys are paired, and open right and left in the mantle 
furrow ; [they also open, as in other Molluscs, into the pericardium]. 
The Placophora are dioecious. 

Testes and ovaries are simple unpaired glands, which lie im- 
mediately over the liver and alimentary canal ; their ducts open on 
each side into the mantle cavity in front of the kidneys. 

The development of the egg begins with an equal segmentation ; 
subsequently the segments of one-half of the ovum divide less 
rapidly. This half is invaginated, so that a gastrula arises. The 
larva which leaves the egg membranes resembles Lov6n's worm 
larva in the possession of two eye-spots and a ciliated ring, and 
develops without a larval shell. 

Fam. ChitonidsB. In place of the shell, eight calcareous pieces are present, 
which are so arranged that the hinder edge of one shell piece overlaps the 
anterior edge of the next following piece. 

Cliitoii sqtbamoivs L., Mediterranean. Cryptochito7i StelleH^ Midd. 

Sub-order 2. GyclobrancMata. Prosobranchiata with flat plate- 
shaped shell and foliaceous gills, which are arranged in a closed circle 
under the edge of the mantle round the broad root of the foot. The 
buccal lobes are little developed. The foot is powerful, and usually 
flat and broad. The lingual armature, like that of the Placophora, 
is formed of toothed horny plates, hence the name Docoglossa 
of Troschel. A cervical gill placed on the right side of the neck 
is sometimes present {Lottia), Two kidneys are present. External 
copulatory organs absent. They feed on plants. 

Fam. FatellidsB, (Limpets). The shell is bowl-shaped, and consists of a single 
piece, to which the animal is attached by a horse-shoe-shaped muscle. Head 
with two tentacles, at the swollen base of which are placed the eyes. Tongue 
extraordinarily long and spirally coiled. The radula is without the median 
plates, while the intermediate and marginal plates are raised to hooks, and 
smaller lateral plates appear. 

Patella L. The apex of the shell is slightly eccentric, and hardly inclined 
to the front. P, ccerulea L. , P. tarentlna Lam., P. scutellaris Lam., Adriatic 
and Mediterranean. Nacella Schum. Circle of gills broken on the head ; the 
apex of the pellucid shell, shining internally like mother-of-pearl, bent forwards. 
N. peUucida L. 

Sub-order 3. Zengobranchiata. Gills bipennate, paired and sym- 
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metricn!. Anterior border of mantle deeply clet't. in correspondence 
with which the shell is perforated or provided with (i slit on its outer 
lip. Kidneys paired, that of the left side rudimentary. Anricle 
paired ; ventricle perforated by rectum. Tongue rhipidviilosaal. 
in that the complicated radula bears in each ti-ansverse row, m 
addition to the median and intermediate plates, a great number of 
lateral plates whloh are arranged in a fan-like miuiuer and the upper 
edges of whiuh are bent into the form of hooks. They are all 
herbivorous, and are without a retractile proboscis or siphonal tube 
at the shell aperture. They often possess fihform appendages on 
the foot. A penis ie not developed. 

Fam, rUfnrellidffl. Shell cap- or cap-shaped, with an apertore at the apex 
or aa anterior mnrglDftl eiPBTation tor the entrance of water into the mantle 
catity, which ooutMna two Bymmetrical gills. Muntle edge fringed. The 
animals resemble the Fatellidie, are prurided with tentacles sad a Lirge fool. 
Fiisureiia Bmg. Shell with longish aperture through the apex, which is 
placed in front ot the midiile. 
F. graea L., Adriatic and 
Uediterranean. EmargUmla 
> Larti. An excavation at the 
anterior edge of the deep 
buwl-ataped shell. E. eltm- 
!/ii'a Costa, Adriatic and 
-Mediterranean. SfvCm 
Muatf. (^ParmapkvTHt 
Jf Blainv.) Aastralia. 

PiB. BM.-Ctaw fci(i(ii<i*gnB tmiinal). i, proboBcia; Fam. HaliotitUe. Sca-eara, 

Si, Mphoa ] F, lenlaclo ; O, eya. ormera. Shell flat, ear- 

ahapefi, internal mother-of- 
pearl lustre, with a row of holes on the !eft aide. The mantle cavity is on 
the left Bide and containa two gills, of wliieh the right is the smaller. Foot 
fringed, with a broad pedal surface. Head with two long tentaclea and short 
stalked eycH. HalU-tii L. Spiral of shell Hmall and Hat. Foot projecting 
slightly over the shell. II. titbercvlata L., Adriatic and Mediterranean. 

Sub-order 4. CtenobrancMata{Aiiisobrancluata, e.^j.). With large 
cervical gill of pectinate form on the left iside with small olfactory 
organ (so-called rudimentary gill, fig. 51G, A'i). A spiral shell is very 
generally present (fig. 520). The male possesses a penis on the right 
aide. Most are carnivorous and possess a protrusible proboscis. 

1. RMpidoglOBsa. Each transverse row of the raduia with 
numerous latei-al pkfces arranged in a fan-lijie manner (fig. 514, b). 

Fam. TrochidM, (Top sheila). With coaical shell and spiral oper- 
cnlum. Foot prolonged into cirri and lobes. liyes on short stalka Furho L, 
With roundish (contex) windings, round aperture, and buccal edge somewbat 
cat. oH. T. nyamu Lam. D-iie/iiii L. With angular windings, buccal edge 
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divided above, and outer lip thin. Tr, varius L., Adriatic and Mediter- 
ranean. 

Fam. KeritidsB (Keritaoea). With thick, hemispherical shell and operculum. 
Eyes stalked, behind the two long tentacles. Proboscis short, often bilobed. 
Foot large, triangular. Heart perforated by rectum, with two auricles. Nerita 
L. Shell thick, hemispherical, spiral lateral ; aperture semi-circular. N, rugata 
Reel. ; N, (^Neritina) fluviatilis L. ; Navicella Lam. ; N. elliptica Lam. , 
Pacific Ocean. 

2. Ftenoglossa. — ^Without siphon, aperture of shell entire, without 
excavation or canal. Tongue armed with rows of numerous small 
hooks and without the median .plates. 

Fam. Janthinidte. Janthina bicolor Menke, Mediterranean^ 
Fam. SolariidsB, (Wentle-traps). Scalaria communis Lam., So. pretlosa 
Lam., East Indies. Solarium perspeetivum PhiL, Mediterranean. 

3. Bhachiglossa. — With long proboscis invaginable from the base. 
Tongue long and narrow with at most three plates in each transverse 
row, a toothed median plate and an intermediate plate on each side, 
which are often reduced to mere hooks, and may be absent. All 
possess a siphon and are predatory. 

* 

Fam. VolutidsB (Faltenschnecken). Voluta undvlata Lam., New Zealand ; 
V. vespertilio, East Indies ; Cymbium {Bthiopieum L. 

Fam. OlividsB. Oliva utricvlvji Lam., Indian Ocean; Ilarpa ventricosa 
Lam., New Guinea. 

Fam. HurioidaB (Canaliferee). Murex brandarls L., Mediterranean. Fusus 
austraZis, Quoy Gaim. Columhella mereatoria L.> Atlantic. 

Fam. BaooinidsB. Whelks. Bticcinum undatum L. ; Nassa retievlata L. 
Mediterranean ; Purpura lapUlus L., North Sea. 

4. Toxoglossa. — ^Tongue with two rows of long hollow hooks, which 
can be protruded from the mouth. All possess a siphon, and usually 
prey on marine animals. 

Fam. ConidsB (fig. 520) (Kegelschnecken). Conu8 litteratus L., East Indies. 
Fam. TerebridsB (Schraubenschnecken). Terebra dimidiata Lam. 
Fam. FleurotomidsB. Pleurotoma rwdlfera Lam. ; Canoellaria Lam. ; C. can- 
cellata, Lam. 

5. Tsenioglossa. — In each transverse row of the elongated radula 
there are usually seven plates. Two small jaws usually found at the 
mouth entrance. 

Holostomatous are : — 

Fam. LittorixiidflB, (Winkles). Littorina littorea L. 

Fam. CyGlo8toiiiid». Bespire air like the Pulmonata. by vessels of the mantle 
cavity. Live in damp places on land. Cyclostoma elegans Drap. 

Fam. FaludinidsB, (Flusskiemenschnecken). Inhabit fresh water. Paludina 
vivipara L. ; P. impura Lam. 

Fam. Vermetida, (Wurmschnecken). Vermetv^ arenarius L. 

Fam. CerithiidaB. Cerithiwm, lave Quoy Gaim. 



48 MOLLUSCA. 

Siphonostomatous are : — 

Fam. CyprsBidsB, (Cowries). Cyprcea tigris Lam ; C. vioneta L. 

Fam. TritoniidsB, (Tritonshorner). Tritotdum variegatum Brug. ; Ranella 
glgantea Lam. 

Fam. DoliidsB. Cassis cornuta Lam. ; DoUum galea L., Mediterranean. 

Fam. StrombidsB (Alata) (Flugelschnecken). Strombus Isabella Lam. ; 
Pteroceras lamhis Lam. ; Rostellaria rectirostris Lam. 

Fam. Naticidad. JVdtica ampullaria Lam. ; Sigaretiis haliotoideus L., 
Atlantic. 

Fam. CapulidsB, (MUtzenschnecken). Capidus hungarious L., Adriatic; 
Calyptrcea i*^igosa Desh. 

Fam. Ampallariadee, (Doppelathmer). With branchial and pulmonary cavity. 
In livers of hot countries. Ampullaria celehensis Quoy. ; A, polita Desh. 

Order 2. — Heteropoda.* 

Pelagic Gastropoda with fin-like foot, large projecting head and 
highly-developed moveable eyes, Dioeciotts, 

The body (fig. 521) of the Heteropoda is usually cylindrical and 
elongated and prolonged into a proboscis-like projecting head, which 
carries large well-developed eyes and tentacles, and encloses a power- 
fully-armed protrusible tongue (fig. 514 a). The main peculiarity of 
the body consists in the formation of the foot, the anterior and 
middle portion (pro- and mesopodium) of which is modified to the 
form of a leaf-shaped fin, often provided with a sucker (fig. 521 S); 
while the hinder section (metapodium) is considerably elongated and 
extended far backwards, and seems to form the caudal continuation 
of the body. The visceral sac is either spii'ally twisted, and en- 
closed by a mantle and spiral shell (Atlanta), or has the form of a 
saccular and projecting mass, which is placed at the limit of the 
hinder region of the foot, and is likewise covered by the mantle and 
a hat-shaped shell (Carinaria, fig. 521) ; or finally the visceral sac 
is reduced to a very small, scarcely-projecting nucleus, which is 
covered on the front side by a membrane with a metallic lustre and 
is completely without a shell. 

The nervous system is more highly developed than that of any 
other Gastropod. The two large eyes are placed near the tentacles 
in special capsules, in which they are moved by several muscles. The 

* Souleyet. " H6t4ropodes. Voyage autour du monde ex^cut^ pendant les 
ann^es 1836 et 1837 sur la corvette la Bonite, etc," Tom II. Paris, 1862. 

R. Leuckart. " Zoologische Untersuchungen," Heft III. Giessen, 1854. 

C. Gegenbaur. " Untersuchungen iiber Pteropoden imd Heteropoden." 
Leipzig, 1854. 

H. Fol. " Sur le D^veloppement des H6t6ropodes." Arch, de ZooL experim. 
Tom v., 1876. 
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large auditory vesicles each receive a long auditory nerve from bhe 
cerebral gangbon and are charaoterised not only by the remarkable 
vibrations of the long tufted cilia of their epithebum, but also by the 
arrangement of the nerve cells {group of hair cells of the macula 
CKUsttca, round a large central cell, fig. 83). In addition niimerouB 
peculiar nerve endings in the skin, which appear to serve the tactile 
sensation and the so-called ciliated organ on the anterior side of the 
visceral sac, are present The latter has the form of a ciliated pit, 
under which la placed the ganglionic swelling of a nerve which 
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RftngUon; Tf, tenuclBB; Oc. eje; Of, auditorj veeiclB , SO. buccal ^annUon; Pj, pedal 
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arises in the visceral ganglion; it has the value of 


an olfactory 


organ. 

The males are distinguished by the possession of a larg 


e copulatory 



organ, which projects freely on the right side of the body ; the males 
of PUrotYachea also possess- a soeker on the foot. In Atlanta and 
Carinaria the sucker is present in both sexes. The te-tes and 
ovaries fill the posterior part of the viscera! sac and are partially 
imbedded in the liver. The ducts, viz., vm deferens and oviduct, 
open on the right side of the body ; the former at some distance from 
the organ of copulation, to which the sperm is conducted from the 
sexual opening in a raliated furrow. The copulatory organ consists 

VOL. II. V 
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of two parts pliiced siUe by Kide, (1) tlie penis with the oontlnuat 
of the ciliated groove ; and (2) the gland rod which encloses a !on| 
gUnd. The oviduct (fig. HO) is more camplicated, inasmuch ae a 
krge albumen gland and a receptiiculiim seminia open into it ; its 
dilated terminiJ part acts as a, vagina. 

The Heteropoda are exclusively pelagic animals, and they are often 
found in great numbers in the warmer seas. They are somewhat 
clumsy in their movements, which are effected with the ventral 
surface uppermost by oscillations of the whole body and thi 
They are all carnivorous. When the tongue is protruded, the lateral 
teeth fly apart from one another like the limbs of foi-ceps, and 
retracted they again fall together. By means of these prehi 
movements smaU marine animals are seized and drawn into 
mouth. 

Finn. Ptetotracheid». Carlnaria nediterranta Lam., Ptvratrachea 
Forsk., Misditerranean. 

Fara. AtlantidBB. Atlanta Pertmii Less., Mediterranean. 



I 
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Order 3.— Puihoi 
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Trni-mtt'ud and fresh-water Gaatropoda with lung which is placed 
front of t/ie heart. Merviapkrodite. 

The roof of the mantle cavity, as in the Ci/clostomidm, is provi( 
with a network of vessels for aerial respirjition. The mantle (pul- 
monary) cavity opens to the exterior on the right side by a respiratory 
aperture (fig. 522.) The mantle cavity of the young of the fresh- 
water Piilmonates is at first filled with water, and only later with 
air. Some species of Planorbia and Limnwas retain, during the 
whole time of their life, the ability to breathe both in air and water 
(some Limnreue, with lungs full of water, have been dredged up at 

• L.PIeiffer,"MonographiaHeliceorninviTeTitiuin.- Leipzig, 1848.1869 1 aM 
'■ Moiiograpliia AurictHaceorum viTentium." CaHSpl, ISofi. 

A. BossmUssIer, " IconogrSipliie der Land-uad miaswassennollusken B 
Leipzig, 1835-1869. 

FSrussac at Deshayes, '"HiBtoire jiaturellp gfini^rale et particuli^ro i 
MoEusqaea terrestrea et flovlatilea." i'aria, 1839-1S51, 
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considerable depths in Lake Constance). The anus and renal open- 
ing are placed near the respiratory aperture, sometimes in the 
respiratory cavity itself. The generative organs open some way in 
front, but on the same side. In the forms with a left-handed spiral, 
the respiratory orifice, anus and generative opening are on the left 
side. Some Pulmonates are naked, or possess only rudiments of the 
shell in the dorsal integument ; others carry a relatively thin and 
usually right-handed shell. Physa, Planorbis, and Clatmlia alone 
present a left-handed spiral. A true operculum is absent. On the 
other hand, many forms secrete temporarily a winter operculum. 

While the Pulmonates (with some exceptions) resemble the Proso- 
branchs in the position of the heart behind the respiratory organs, 
in the arrangement of other organs, e,g., the nervous system, they 
more resemble the Opisthobranchs. The dentition consists of 
an unpaired, homy, and usually longitudinally-ribbed upper jaw 
(which, however, may be absent) and of a radula, which is covered 
with a great number of toothed plates in longitudinal and trans- 
verse rows. All are hermaphrodite. A few, e.g., species of Clausilia 
and Pupa, are viviparous. Most Pulmonates, however, lay egg.^y 
either as in the fresh-water forms united in tubular or flat masses on 
'Water-plants, or as in the terrestrial forms in damp places, each one 
being surrounded by a protecting calcareous shell. The ovum is 
always contained in a large mass of albumen, which serves as 
nourishipent to the developing embryo. 

I. — Basommatophora. 

The eyes lie at the base of the two tentacles. Present many 
resemblances to the Tectihranchiata. 

Fam. LimnsBidaB. Limncsus auricularis Drap., (Pond snail); i, sttagnnlift 
O. Fr. Miiller ; Pliysa fontinalis L., Planorbis cornens I ,, Ancylus Jtvriutihs 
Blainv. 

Fam. AarioulidsB. Aurimila Judce Lam., A. Midce Lam., Carychium mini 
mum, 0. Fr. MUll. 

II. — Stylommatophora. 

The eyes lie at the tips of two usually retractile tentacles (posterior 
tentacles). 

Fam. FeroniadsB (Amphipneugta). Lung behind heart (Opisthopulmonate). 
Peronia terru<^nlata Cnv., Veronicella Blainv., Onchidium Buchan. 

Fam. LimaoidsB (^aked snails). Avion F6r. Sexual opening beneath the 
respiratory orifice in front of tLe middle of the dorsal shield. Back without a 
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wilh pfludfll gland and mnous aperture at end of body. A. empiru 
Limax L. RespiraUirj aperture behind the middle of the rigbt edgem 
tbii mantle. Sexual opening fof removed from respira- 
torj apurtnie behind the right tentacle. Back keeled, 
without eaudal gland and mucous oridce. L. agrcith 
L., L. cmrrn-i 0. Fr. Miai. 
Fam. EalioidB. Svcclnea ampkibia Drap., Pupa 
n L,, ClaKtilia bident Drap., Bviinum montii- 
■ Drap.. IldU pomatia L. Ca"man snail), H. 







Oi'tler 4. — Opisthobhai 



4 



IlerriiaphrodUe Gastropods, with fiat 
Srancftial veins open itilo tha avricle 
the ventricle. 

The great majority of this order are without 
a BbeU. The bi'anchial cavity never contains 
more than one gill. The gills are usually 
exposed (lig. Si!3) or absent. Sometimes there 
to which appendages of the alimentary canal 
nervous system contains cerebral, visceral and 
in Tet/ij/3, which has 
«aud simple ceeopha- 
The branchial veins, with 
{Gastropteron), enter the 



are dorsal processes, ii 
enter {fig. 525). The 
pedal ganglia {except 
a fused gangli 
geal commissi! 
a few except] 
heart from behind. 

Sub-order 1. Tectibranchiata. Gill al 
most always on the right tide, cover 1 ' 
the mantle edge or placed in a 1 
branchial cavity. Shell usually p 
(fig. S24). 

Fam. FlonrobranohidE. With lai^c gill on nght 
Biiie, and usually internal sbell. Plrtinil/ra ic/iifu 
VecMii Cur Plevrabranrlivi aiirantiacat <Jut., 
P 6rflla mediter a i Lam 

Fam Apljiiadn (bea har^a) '^hell covered by 
two Inbes of the foot Ayl^atn depilaat L., 



Mad f 



3 III 



Fhilm 




Sub-ordec 2. ITadibranchiata. Marine Gastropods, without shell 




■EttOPODA. 53 

or mantle. The gills project freely on the dorsal surface, and may 
i-eceive appendages of the aliinentary cmial. 

PB.ni. Tritoniadn. Gills m two longitndiual idwb uti the back THtonin 
Himbrrgii Cnv., Soyllaa pclagtca L 

To this familj is allipd lUhiif /imbnafa 
centrated ganglionic mnsa, ^ 



■ Hedlt 



t ladula and hncial 

ft^m. noridido. Qills m circle mnnd mius (Hg d23) 
I ciMeitma Forb., D. tiibercvlata Cut , Adnatic and 
L.HedlterraDcim. 

1. Solidida. Numerous proccBses on dorsal surface, 

into which diveiticula of the alimentary canal po^ 

(^Phlebenterata). .^!olu papilloia L (fig 626}, TeTgtpnii 

^^^dwitrdn Nocrtm. Here ure oIIkA PhylUrhei iw epba- 

^^(n P^r., and the PliylUditJ,a. 

^H Sub-order 3. Saccoglosaa. GOls absent, or as 

^^tmple appendages of the dorsal integument. The 

radula with a single row of toothed plates, of which 

the anterior, after they are worn out, fail into a 

pocket developed on the floor of the buccal cavity. 

■a John St. 






itiioid sharply separated head, with tvm 
lanje wing-like fina, often 
with cephalic cones. 

The body is sometime'; 
elongated and straight, 
sometimes with its hinder 
part spirally rolled. The 
anterior region bears the 

* Rang et Soulcyet, "Hi^- 
toire naturellu Am Molliisquea 
Ptfiropodea." Paris, 1852. 

C. Gegenbaur, " Unter- 
Buclinngen Uber die Ptero- 
poden and Heteropoden." 
Leipzig, 1B66. 

A. ' Krohn, Bei^rage zur 

EntwiokelungagesohicSte der 

Pteropoden uud Heloropo- 

den.", Leipzig, 1860. 

1 PUropodea." Arekiveg de Honinjie 
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moutti &nd tentacles but is hardly separated off as a distinct hi 
beneath the mouth there are two large lateral fins which morpl 
logically are to be explained as paired partH {epipodia) of the foot 
(the unpaired part is rudimentary), and which, by their wing-like 
flappings, cause the movement of the animal. The body is either 
naked (fig. 526) and without distinctly separate 






ft shell of very 



shape, into which the body with the tins can 
usually lie completely with- 
drawn, and which may be 
homy, gelatinous and cartilagi- 
nous, or calcareous, and is al- 
most always symmetriciil. In 

I the last case (presence of shell) 

'^1 the mantle la usually veiy com- 

i^n. pletely developed and encloses 

moat of the body to the I'egion 
of the fins, behind which the 
slit-like entrance to the mantle 
cavity is placed. The integu- 
ment usually contains calcai'eous 
concretions, cittaneoua glAQdf, 
and pigment cells, which may 
give the body a dark brown, 
sometimes brownish, or even 
reddish colour. 

The mouth id sometimes sur- 
rounded by several arm-shaped 
processes (Clio), or by two 
processes beset with suckers 
(Pneumodermim), the c«p/ialia 
eonea (fig. 526). It leads into 
a buccal cavity, ai-med with 
jaws and toothed radnla ; at the 
bottom of the mouth the long 
IS (fig. 527). The (Esophagus leads into a dilated 
stomach, which is followed by a long, coiled intestine, which is sur- 
rounded by the liver and bends hiterally and forwai-ds. The anus U 
usually in the mantle cavity on the right side and near the fi-ont end. 
The oironlatory organs are reduced to arterial vessels ; the main 
tmnks arise from the spherical ventiicle. The veins are replaced hy 
a system of lacnao} of the body cavity without special walls, into 




If I, oilia- 



r to the mantle-wall 



;, wliieli conummicates 
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which the arteries open. The blood returns from the lacunie through 

the respiratory organs to the pericardial sinus, whence it enters the 
auricle through the venous oatium. 

The respiratory organs, as faj' as they are not represented by the 
whole iotegiiinent {Clio), have the form either of foliaoeous bronchial 
appendages (Pneumodermon) at the hind end of the body, or, in the 
shell-bearing forms, of uiternal gilla placed within the mantle aivity, 
the entrance to which is lined with peculiar cilia,ted bands. The 
^Us are always but slightly developed, and are reduced either to 
folded elevations of the ciliated mantle-wall, o 
itself. 

The kidney is an elongated contractile s 
with the pericaivlial ainua by a ciliated 
funnel, and with the mimtle cavity or 
directly with the exterior by a. strongly 
ciliated opening which is capable of 
being closed. 

The nervoTiB Bystem resembles that 

her Opisthobranchs. Pleural 

Lglia are pi'esent. The cephalic cones 

live their nen^ea from the brain ; the 

fina as parts of the foot from the 

.1 ganglia. 

isee organs. — A pair of auditory 
vesicles are always present. Eyes on 
the other hand are absent or very nidi- ^"^ sm,— Lmra of (ntoiiniff irki,n- 
.tary, as red pigment spots (HjjaJea) toot-. P.ih.i'wo IkmiIi (ei,ip^>ai' 
either on the visceral sac near ini™ of On foot; j. anm; m, ro. 
te cesopbageal ring or on the tentacles 

fjlia). Tactile organs are represented by two small tentacles 
(Sf/alea, CymhuKa.) and the larger cephalic cores which are some- 
timea beset with suckers {Clio and PntitTtiodtrmtm). 

The Pteropoda are kermnpkmdite. The hermaphrodite gland lies 

near the heart behind the stomach in the visceral sac, and usually 

possesses a common duct which is provided not only with a Bemiual 

,ye^cle, but also with a kind of albumen gland and reoeptaculum 

it opens to the exterior usually on the right side in front 

lua. The penis is sometimes in the terminal part of the 

the tfyafeida and Gymbuliidte it has the form of a rolled-\ip 

)tniBible tube pkced in front of the sexual opening. The eggs ai-e 

lunded by albumen and laid in long strings which float freely in 




tUe sea. The embryos acquire velar lobes and ebell, and leave the q 
as larvffi (fig. 528). While the velum is atrophying, the two £ 
gradually appear on the first-formed unpaired part of the foot, while 
the shell (with operculum) is usually cast ofl'. The Hyaleidct how- 
ever appear to keep the larval shell and develop it further, while the 
C^mhidiidae replace it by a new ehell. The naked J'neumodermidie 
and Clionidte do not after the Iosh of the velum and shell grow 
direct into the eexual animal, but first acquire three rings of cilia and 
pass into a new laival phase (fig. 529). The Pteropoda always li 
on the high sea, but may by retracting their velum eink. 

Order I.^Thecosomata, 
Pteropoda with a shell. Head but little developed, often i 
distinct ; tentacles rudimentary. The n 
mentary foot remains in connection y 
the fins. 

Fsni. SyBleidw. Shell calcareoui or l- 
BwoOen venti'ally or pyramidal, Bymmetrical, w 
pointed proceeseii. Jli/ah-a trij/entata 7 
Cieodtira Per. Les., Creieit Bang., ■ 
Tsn^., Uedilerra'Deaii. 

Yam. Oymbnliito. With cartilagino^UtJiiofl 
ahell, boat-shaped or slipper-Bhaped. Cymba" 
Piivnii Cuv., 'I'kdman.Hia iwapolitana Van Ben.! 

Order 2. — Gymnosomata, 

Kaked Fteropods, head bearing tentacles 

often with external gills. Fins separata 

from the foot. Ijarvae with rings of cilia, 1 

Fam. CUooidK. Body api ad lo-s taped, without gills. Clio horealU Pall 

coiiBtitQtes with Limaciiia arctica the chief food of Whales. 

Fam. Paeunwdermmiidn. Body spindle-ehaped, with uxtcrnal gills, and ti 
protruaible arms, wbicb are beset with suckerB and placed iu front of the fitt| 
Paeumodermim riolaccum, d'Orb. 




Class IV.—CEPHALOPOBA." 

With viell-niarked head, a circle of arms hearing suckers round ti 
moutit and/wnTid-e/iaped perforated /ool. Diaxioua. 

In the form of their body the Cephalopods are most nearly allit 

• FeruEsac et d'Orbigny, " Histoite natureUo g^n^rale et particuBire d 
Cfiphalopodes acStabuliftres vivants et toBailes. " Palis, 183o-4o. 
J. B. Terany, " MoUusqnes Mediterraneens observes, d^crits, flsaria ( 
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to tlie Pteropods. The niorpliolog'icHl relation between tliese two 
groups waa firnt thoroughly discussed by R. Leuckart. He showed 
that the cephalic cones (tentstiles) of Clio coirespond to the cephalic 
arms of C'ephaiopods, while the median lobe of the foot, i-epreaented 
by the cervical collar, ia the equiviilent of the funnel. Huxley, 
however, does not take this view ; he holds that the arms are pai'te 
of tlie propodium and that tlie funnel, wliich is formed by the fusion 
of paired folds, 
is equivalent 
the paired eli 



which in Ptero- 
pods form the 

The mantle 

cavity IE placed 
on thepOKt*ii'ior 
surface of the 
bodj', which in 
tlie natural po- | 
sition id the ■ 
under surface. 
In it are placed 
en each side 
one (Dibranchi- 
aUi) or two 
(Tetraliranchi- 
uta) gills, ibe 
iiuus, the paired 
leiiiil openings, 
!ind the genera- 
live opening whieh is sometimes single and sometimes paired. The 
tyei and olfactory M'gaus are placed at the sides of the head. 
Anteriorly around the mouth four pairs of fleshy cephalic arms, 




coping (af t«r Vi 



''hromoIithofrraptu^B d'api^ le viiant." I' Partie. C^pholopodes de la MMi- 
Mirraa^, Q&nes, 1847-51. 

B. MUller, " Deber daa Mannchua von ArgonautB argo und die Eecto- 
PotylBn." Eeit./iirmitl. Zool., 18BB. 

Jap. Steenstrap, "Hectocotylus dannelsen boa Octopodsl., etc." K. Hanii. 
''i'lfHlk. Sehkah* Skrifter, 1B66. Ueberactit im Art-hiffUr jVaiurseich ., 1850. 

Alb. KiUlilcer, ''EiitwickelungflgeHcli. der Cephalopoden." Ziiciun, ISil. 



avninged in a circle, project ; they terve for creeping and swimming, 
aa welJ as for the capture of pvey, and usually bear rows of anckei-s 
on their oral surface. In many forms {Octvpoda) the basal parte of 
the ai-ms are united by a membrane which forms a. kind of funnel in 
front of the mouth, the cavity of which ia contracted and dilated 
in movement (not to be confounded with the pedal funnel, fig. 
530 T). In others two lobe-like cutaneous appendages, the ao- 
calleil tins, serve for swimming (fig, 531); these forms {Decapoda) 
possess in addition to the eight 
arms a pair of very long ten- 
tacles (fig. 531). 

In NautUtbs, the single 

I living representative of the 

Tttrabranchiata, thei* is 

found in place of the eight 
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ous teatades. These, how- 
ever, according to the view 
of Valenciennes, appear to 
coiTespond morphologically 
to suckers; in fact simikr 
filiiments are found on the 
arms of Cirroteuthis, as pro- 
longations of the cylindrical 
nucleus of the suckers. The 
true arms of Kautilua are 
very short and rudimentary, 
forming fold-hke lobes at the 
base of the tentacles. 

The fonnel in placed on the 
F«..6si.-i=i(Bon.(ffn™(«[tsiv™py). central (posterior) side and 

projects from the broad opening of the mantle cavity, which can be 
closed laterally by suckers. It has the form of a cylindrical tube, 
narrowed at the front (free) end, and in N^aiitibis is open along the 
under surface. Its broad base is placed in the mantle cavity, and it 
serves to conduct away to the exterior from the latter the respiratory 
water which has entered by the general mantle -opening, and with it 
the excrementitious and generative products. At the same time, act- 
ing in conjunction with the powerful mantle musculature, it serves as 
an organ of locomotion. The respiratory water is violently driven 
through the funnel hy the contraction of the mantle, the genei'ul 
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■like aiTonpe- 
uf the 



lening of the mantle bejnj firmly cloaed by the 
the base of the funnel ; the animal, in 
ition, iH thus projected haokwords. 

Cephalopoda are naked {Octopoila), others {Decapada) possess 
intemttl rudimentary sliell, a few {Argonauln, JVautilua) are pro- 
vided with an external aptraUy-coiled shell. The internal shell rudiment 
of the Dei'upoda lies in a pocket in 
the dorsal mantle, and is usually a 
,t, lancet-shaped spongy calcareous 
►late (as gepiie). The external shell 
only exceptionally thiji and simple 
\Argmiavia) ; usually it ie spically- 
isted and divided by cro^s partitions 
rinto a n^imber of euccetsive chambers. 
The animal lives in the anterior 
chamber, which iu the last formed 
and largest, The other chambers, 
which diminish continuously in size 
backwards, are filled with air ; they 
remain, however, connected with the 

E?ge anteiiop ehamher by a central 
be (aiphon), which perforates the 
rtitions and contains a prolongation 
the animal's body. 
The dermis of the Cephalopoda 
□tains the remarkable ohjOiiiato< 
phores, which e&ass the well-known 
play of colours. These conRist of cells 
filled with pigment; to their walls, 
which are formed of a cellular mem- 
brane, numerous I'sdiating muiwular 
fibres are attached. When the latter 
contract the cells are pulled out into 
a star shape; in the processes so 
formed the pigment is distributed. 
When the contraction ceiises, the cell 

returns, in virtue of the elasticity of its walls, to its oiiginal 
spherical form and the pigment is again concentnvted in a small 
t-pace ; thus the animal changes its colour. There are usually two 
kinds of chromatophores, as far aa colour is concerned, placed above 
iiud near one another. They are connected with a speciul i^enlie 




lHiu:£l gBUgtiun ; Spd, 
Ot. omiiLiagaa: L, Uvs: 
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on- the stalk of the optic ganglion and they cause a rapid inter- 
change of blue, red, yellow and dark cdours. In addition to the 
chromatopboree, there ia a deeper layer of small shining spangles 
which produce interference colours, and thus give rise to the peculiv 
iridescence and lustre of the skin. 

The Cephalopoda possess an internal oartilft^rinoiu skeletan, 
which serves for the protection of the nerve centres and sense orgaiu 
and attachment of mus- 
cles. In the Dibranchiats 
this skeleton constitntee 
a cartilaginous capsnle 
which encloses the cere- 
bral ganglia, seophBgeal 
ring, and the auditory 
organ, while its lateral 
portions are hollowed out 
and represent the orbits. 
There are also (Decapods) 
optic cartilages, a so-called 
brachial cartilage and 
dorsal cartilage, various 
small cartilages for the 
closure of the mantle 
cavity, and fin cartilages 
for the support of the 
fins. 

Alimentaiy canal. — 
Themouth,whichis placed 
within the circle of arms, 
is surrounded by a cir- 
I ()Lfur cular fold forming a kind 
of lip (fig. 532). It is 
armed with two powerful 
ganglion ; u(, Buaiiory v«uuo. jftws, an Upper and a 

lower, which resemble in form a reversed parrot's beak. The radula, 
which recalls that of the Heteropoda, bears in each row a tooth-like 
median plate, and on each side three long hooks, adapted for drawing 
in the food ; in addition there may also be some flat non-toothed plates. 
The cesophagus usually receives two pairs of salivary glands, and either 
has the form of a simple narrow tube, or presents before its junction 
with the stomach a crop-like dilatation (Octt^tods, fig. 535 Jn). 
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The stomatili (Fig. 532 M) is usuall; spherical ; its waUs are 
muscular and its internal lining is raised Into loagitudinal folds or 
papillie. It poaseases a large, Bometimee spirally wound, ctecal 
appendage, which opens into it cloae to the point of origin of the 
intestine, rarely at some distance from that point. The ducts of the 
Urge liver open into this cKcum. A mass of yellow glandular lobee, 
which are attached to the upper part of the bile ducts, may be in- 
terpreted as pancreas (fig. 532 Gg). The intestine is but little con- 
voluted and the anus always opens in the middle line of the mantle 




n tbrongh t1» eja o( Apia (diagnmniHUc, aitet Beiueii). JCJT. 
MphaJlo csrUlSBB : C, eainta, ; L, ISDi ; Ci, aUiarj' bndj ; Jk. iria outilage ; K, cartilage ot 
optic bulb; Ae, argctiteii Bit*m»; W, wbits body; Opt, opUo nerva; Go, optin ganglion; 
JEf, outer lAyer of rods, Ri, iiuieT tajor of rods of tb« ntina ; P, pigment layer ot the 

The nerroiu syatein is characterised by its great concentration 
and high development. In the Dibranchiata the nerve centres 
constitute a large ganglionic mass which is placed in the cartilaginous 
<3«nial capsule and is perforated by the cesophagus (fig. 533). It is 
divided into a dorsal and a ventral portion, connected \>y two com- 
Eoissares. The former corresponds to the brain (cerebral ganglia) 
and sends nerves to the sense organs and to the buccal ganglia. The 
vential portion consists mainly of the pedal and visceral ganglia. 



The latter sends a large number of nerves to the mantle, the viicent 
and the gills. The large ganglion. Hellalum, which is found on each 
side in the mantle, a ganglion of the vena cava, two branchiiil 
ganglia, and the ganglitm gplanchnicum are all developed on the 
course of these nerres 
From the visceral 
ganglia. 

Of the sense organs 
the large eyes, placed 
on the sides of the 
head, are the most 
conspicuous. Each eye- 
bulb ia placed in a 
special orbit, which is 
partly formed by an 
excavation in the ce- 
phalic cartilage. It 
ia enclosed iii a strong 
capsule which is con- 
tinued over the fi-ont 
of the eye as a thin 
and transparent mem- 
brane, the eoTTiea. ITie 

be entii'ely absent 
(yauiihis), or in other 
cases be pierced beneath 
an eyelid-lifee cutaneous 
fold by a small hole 
(Oigopsidte), through 
i which the water en- 
■ tere the anteiior optic 
' chamber, and passes 
[ into a space of various 
I extent round the an- 
terior surface of the 
bulb (fig. 534). The Cephalopod eye possesses almost exactly the 
parts as the Vertebrate eye. The presence of the inner layer of st 
retinal rods in the former may be mentioned as an essential liifler 
between them. The eye of Nautilus is without the lens. 

The two auditory .sacs are placed in the cephaUc cartilage, and b 
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tlif Dibranchiala in special cavities of the lutter, the so-eaUed cartila- 
giiioiis labyrintli. They receive from the perial ganglion their short 
a.iiilitory nerves, which, however, arise in the brain. 

The respiratory Oi^ans have the form of two (Dibmnciiiala) or 
four (Telrabraimhiala) peunate gills, whieh are placed at the sides of 
the visceral sac in the mantle canity, They are bathed by a current 
of water which is continunlly renewed. 

The heart lies in the iiiuder part of the visceral s»e, more or less 
closely approximated t-o the apei of the body. It consists of 
a median venti'icle 
and as many lateral 
auricles as there are 
gills (figs. 635 and 
536). A large an- 
tei-ior aorta {aorta 
cep/iallca) pasees off 
from the ventricle 



,nd givt 



.' bmn< 

^Bftna! 

the 1 




— Cirouliitoi7 Kill] QUretflij orfuis of Sepia 
la donul >ldc (alUiT HuoUi) Br, gilli ; i 
". this ktiWTiiir and puittflrlor " 



)riu>rMi P. UWralK 



branches to the 
mtlft, aliiuentarj- 
, and funnel, 
breaks up in 
the head into ves- 
sels to the eyes, hps 
and arms. A pos< I 
teriorly directed vis- 

OeraJ artery also sntsrior yami »» ; V^\ p«tBriQr iboh u<a : A. rmiil uppenrt- 

, ,, , ■ 1 "g™ n* "i" toiiu; Fir, adTohont branoliiia Teasels (braiioliiiii 

leaves the ventricle. ufi„i„)-_ A'», biauclmj h.»it: Jo, npimidagetif lliBeamo: ^l. 

The capillary net- ■«'■ »«"!>!» nsooixing the re-sUaiU braiiehiil vubcI. (bianuLW 

work, which is 

richly developed in all the organs, passes partly into sinuses, paitly 
into veins, which are collected through lateral veins into a large an- 
terior and a posterior vena cava. Each of these bifurcates into two 
or four trunks {according to the number of gilla) which carry the 
blood to the gills. Immediately before their entrance into the 
gills the walls of these so-called bnmchial arteries are (except in 
Nautilus) especially muscular and rhythmically contractile and 
constitute brandilal hearts. The C'epkalopnda also possess arrange- 
ments by which a mixture of water with the blood ran be effected. 
Paired kidney saos are always present, one on each side of the 



aMoiuen. They open into the mantle cavity, each through tiie apex 
of a. papilla. The anterior walls of the sacs ore pushed inwards by 
ctecal appendages of the vente cavje (branchial arteries), so as to give 
rise to a number of racemose lobulee projecting into each renal sac 
(fig. 536). The renal soca, as in other Molluscs, communicate with 
the body cavity, which in Sepia is largely developed and contains tte 
heart, genei-ative organs, etc., but in the Octopoda is reduced to a 
narrow tubniar space 
(" water - vascular sys- 
tem of Krunn) and 
only contains the aexnal 
glands 

An eicretary organ 
1 en generalU present 
IS the ink sac It is a 
piiifomi biic whor>e diict 
opens to the extpnor 
with the anus and 
ecijifiea an mtenselv 
black fluid which bui 
loiindt. the bod^ of the 
Huimal as in a lilitck 
(li'ud and ao protects 
It from the puisuit of 
largei marine animdl" 

The C tp/ialojxMia are 
diusaous Males and 
Fin fis; — Anaton; at ths body of h tHnaie srpm (tftar f emaleb present external 
Gwbu™) Ov p.»rT n t. ca^iy (b»i, «i itj) wiud. g;i difference's ■« hich 

la laui open {td atidun Oe jrinii g(d mte saoia UttD 

onduiial gland M nilanimttl Blmd ^I> accewiry pnnclpallv concern a 

tta'bX«rtM-a«r^7fi^b^i«i^M^'ffA«' pertwnlai arm Accord 

p(rii»rd»l gland {appmiligB o( bran hiilheart) K giUa, mg tO the discovery of 

4/«n. .„ ^=ii.»gan^™ eteen>=tmp one of the 

arms in the mile alwavs becomes modified heLtncotylize'l as it is 
called as an intromit tent organ. The two sexes of Argonauta diiFer 
considerabh mismueh as the small male has no shell 

The Bezual glands he freely in the boily cavit> Their pioducts 
are dehit^ed into the body cavity from which they are taken up and 
conveyed to the exterior by special ducts. The ovary is nnpaired and 
racemose, and the oviduct is a double (Oetopoda) or unpaired 
(usually left) duct opening into the mantle cavity ; it receives in its 




CEPHALOPODA. 6& 

coarse a round gknd, and its terminal portion possesses glandular 
walls. In addition, the so-called nidamental glands (fig. 537) are 
present in the Deeapoda and NautUue; the; open into the mantle 
ca.vity near the generative opening and secrete a cementing substance 
which surrounds and unites together the eggs. The eggs are sur- 
rounded — either singly {Argonauta, Octopit») or in great number 
{Sepia)— hy capsules with long stalks, which are united together in 
racemose masses (so-called sea-grapes), and fastened to foreign objects 



in the sea. In other cases the ej 




aggi'egated in gela- 
tinous tubes 
{Loliijo, Se- 

The male 
generative 
■ pparatus 



simUar 
rangeraei 



FlO. 63Ba.— Uile a 



■. 538, a). 
' The testis (r) 

laists of 
an unpaired 
gland formed 
of long cylin- 
drical tubes. 
The duct of 
the testis is 

Fr. pTHtat»; Sp, Bpermatflpbora rHarTOLr; Oi. Benuat and Compll - (after U Kd 

"P""^- eated. The "■"^•>- 

following parts may be distinguished in it; (!) a much coiled vas 
deferens {Vd), which opens into the body cavity, (3) a long dilated 
vesicula seminalis {Vs) with two prostatic glands [Fr) opening into 
ite terminal portion, (3) a spacious sac, known as Needham's sac, in 
which the spermatophorea are formed, and which opens into the 
mantle cavity at the apex of a papilla placed on the left side, 

In copulation the large spermatophores (fig. 538, 6) are introduced 
by means of the hectocotyUsed arm into the female eesual opening. 
In some Cephalopoda {Tremoctopus violaeeus, PhUonexU Oarenx, and 
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Argowivia argo) the hectocotyliseil arm of the mule appeal^ as an 
iiidividuaiized intromitteDt organ which is tilled with spei'niatophoi'eE, 
tlien Keparatos from the body of the ipale, moves about for a time 
independently, and finally conveys the semen into the mantle cavity 
of the female (fig. 539). 

The development" of the egg ia introduced by a discoidal (partial) 
segmentjitinn which takes place at the pointed pole of the egg. As 
in the bird's egg, the segmented portion of the ovum (formative yolk) 
gives rise to a germinal disc which in the subsequent growth is 
raiped more and more from the lower part of the blastodenn which 
forma the yolk sac. Soon seveiul projection.^ appear on the embryonic 
rudiment (fig. 540) ; lirat in. the 
centre of the germ a flattened 
ridge ia formed around a cen- 
tral depression (Jtf") which it 
soon grows over. This is the 
mantle [tiie depression is the 
w-eaUed shell gland] ; on eai?h 
side of it the two parts of the 
funnel appear ( 2V), and between 
these and the mantle the gills 
(Jir). Also laterally but ex- 
teiTuil to the folds of the funnel 
the firat tracea of the head ap- 
pear as two paira of elongated 
lobes, of which the e^stemal an- 
terior pair bears the eyes. Ou 
Via. fFm-Hni8 of A^Qosai'M orflo (after H, the Outer edge of the diBC papUH- 
iiuiier). lie. hM««"tjiiiod mhi. f^pj^ structures are formed, the 

first rudiments of the arms. In the later growth of this absolutely 
symmetrical embryo the Cephalopod form becomes more and more 
apparent: the mantle projects considerably, and gi-ows over the 
gills and two parts of the funnel, which fuse to form the definitive 
funnel. The cephalic lobes grow together between the mouth and 
funnel, and on their oral sides become more shai-ply constricted off 
from the yolk, which with a few exceptions persists for some time 
as a yolk sac (fig. 541). 

The Cephalopods are marine animals, some frequenting the coast and 
others the high seas. They feed on the flesh of other animals. 
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especially Crustacea. Some of them attain a gretit size. The flesh is 

eaten, and the colouring matter 
of the ink-sac (sepia) and the 
dorsal shell {oa sepios) are used 
by man. The remains of Cepha- 
lopods occur in all formations 
from the oldest Silurian and 
constitute important charac- 
teristic fossils {BehmniteSy Avi- 
nionites). 

Order 1. — Tetrabranchiata.* 

Cephalopoda with four gills 
in the mantle 
cavity and nu- 
merous retractile Ds~ 
tentacles on the 
heady with split 
fu nnel and 
many- chambered 
shell. 

The append- 
ages of the head 
are peculiar. In 
place of the arms ^''r ^i-;^»™«to 

*■ ri|ie embryo of 

there are a nuin- Sfp > « <>iW anoi u 

ber of filiform ^-"^tJie dorsal (an- 

tenor) face (after 

tentacles round Koiuker). i)g, 
the mouth. In ^" 
Nautilus there are on each side 
of the body (a) nineteen ex- 
ternal tentacles, of which the 
dorsal pair constitutes a kind of 
hood which can close the orifice 
of the shell; (6) two ocular 
tentacles on each side near the 

* Van dcr IToeven, " Beitrajsre znr 
Kenntniss von Nautilus " (in Dutch), 
Amsterdam, 185(). 

W. Keferstein in Bronn, Classen 
und Ordnungen des Thierreicjhs. 
Dritter Band. Cephaloi)oda. 18^'5. 





Fio. 540. — Embryonic development of S*^}Ha orJUri- 
nali* (after Kolliker). a, View of germinal 
disc fh>m above, oommenuing embryo lying on 
t}ie yolk. Br, gills ; Tr, folds of the fiiunel ; 
OCf eye ; M, mantle, b, SSomewhat older utage, 
seen fnmi the front. D, yolk ; Kl', anterior ; 
A'P, posterior cephalio lobe ; 0, month, c, later 
stage from the side. -1-4, first rudiments of 
the arms, d, older stage from the front. 5, 
fifth pair of arms, e, Still later stage in lateral 
▼iew The halves of the ftmnel have united. 



eye and (c) twelve interiiiil tentacles, the four vent™! of which 
oa the left side are in the m^e modified to form the. spadiic, an 
organ analogous to the hectocotylised arm. Finally, in the female 
there are on each side, within the latter, fourteen or fifteen ventrally- 
placed labial tentaclea. (Fig. 542.) 

The cephalic cartilage, instead of forming a, complete ring, con- 
sists of two horse-shoe-shaped limbs on which the central jrarts of 
the nervous system lie. The eyes are stalked, and are without a 
lens or other refractile media. The funnel has the form of a lamina 
rolled upon itself, but the edgea are free and not fused. There ia no 
ink-sac. The branchiie are four in number as are also the branchial 
vessels and the kidneys. 




The hinder part of the thick external shell of the Tetrabranchiata 
IM divided by cross partitions into numerous chambers, which are 
filled with air and are traveraed by a siphon. The phell consists of 
an external, frequently coloured calcareous layer, and an internal 
mother-of-peiirl layer. The similar structure of many fossil shells 
aUows us to infer a simDar organisation for their unknown inhab'. 
tants. The position and stmcture of the siphon, as well as the form 
of the septa, and the lines of fusion of the latter with the shell 
are important characters for the classification of the fossil Teti'a- 
branohiata. The small number of hving species of the genus 
A'aulilifg are found in the Indian and Pacific Oceans. 
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inards tlie 



Fam. ITftntilidD. Tbe septa are eimpi; bcut and c 

' 11' t'hanibera. Line of auture simplp. with a few lai^e wavy turrts or a 
hterat lobe. Siphon nauall; central ; sLell orifice simple. Ortluwerai, Bbell 
ftraight O. regviarU y. SuW., ealcareona aljata of the NoriU Ganofi plain. 
Wautilat, sbell coiled. N. po»ij)iliiu Ii., Indian Ocean. 

~ . AnmiDiutids. The soptu much ful'led ut the eidea, always with lobe 
I the outer side, in the middJi; oaiially eonvei forwards. Siphon on the 
«r side. Contains only foasil forms. Goniatitei rrtreraai v. Blich., Cera- 
w nodosua Bosc, AmmonitBt papricornva v. Schl. 



Order 2, — DibbasChiata.* 

iity eijh 



s beariTu 



f e; h il pot! 1 wtth two (/ills m tk' m 
takers or houks complete /unnel and u i sac 
The Ikbraitchtata possess lounil the mtutli eight ami', ].rovided 




irith sDckera or hooks ; in the Becapoda there are, in addition, two 

long tentacles placed between the ventral arms and the mouth. The 

Kphalie cartilage constitutes a completely closed ring surroundiug 

tJie central parts of the nervous system ; its slightly arched lateral 

parte serve for the support of the sessile eyes. There are only two 

1 the mantle cavity and the same nvunber of branchial vessels 

md kidneys. The funnel is closed. An ink-sac is nsuaUy present, 

e shell is in many forma completely absent ; in others it is reduced 

a homy or calcareous dorsal lamella. A spirallynsoiled sliell is 

' Chief works ; F^uasac et d'Orbigny I.e., also Verany I •:, 



rarely present. In the female Argonauta (fig, 543) there is a single- 
chambered spiral shell with thin walls ; in Spinda (fig. 544} there is a 
multilocular spiral shell, the chambers of which are traversed by a 
siphon. 

Sub-order 1. Dflcapoda. In addition to the eight arms, there are 
two long tentacles between the thivd and fourth paii's of arms 
(ventral). The suckers are stalked and provided with a homy rim. 
The eyes are without a sphincter-like lid. The mantle bears two 

lateral fins, and at the mantle edge a well -developed 
I apparatus for closing the mantle opening. An internal 

shell is present. 

Fam. SpimlidB. Spirvla Pcronii Lam., Pacific Ocean. 

Fam. BslemnitLdn. Br-lemnitet digitalin Voltz, Upper Lisa. 

Fam. Hyopiidee, With closed cornea and covered lens. 
Sepia offi.cinalit Lam., Loligo vulgarii Lam., MediterrnDeaTi 
(fig. 531). Supiela tulgarit Grant,, Mediterranean, Rouia 
macrosoma Fir, d'Orb., Mediterranean. 

Fam. Oigopiidn. Eyes with widely-opened cornea, so that 
the crystalline lens is eiposed and bathed by the sea-water. 
Om/ch(iteiithit I,-ic!iten»ieiai F^r., Chu-niatlrephei todanm d'Orb. 

Sub-order 2. Ootopoda. The two tentacles are not 
nia Feronii present. The eight arms bear sessile snckers without 
' '"''■ a homy ring, and are connected at their base by a 

membrane. Eyes relatively small, with sphincter-like lid. The 
short, rounded body is without the internal shell, and usually also 
the fin-like appendages. Mantle without cartilBginoue apparatus 
for closing mantle opening, and attached to the head by a broad 
cervical band. Funnel without valve ; oviduct paired. 

Faxn. OotopodES (fi?. fiaO). Octi^vt valjark Lam., 0. inaerepvt (fig. 636), 
Llrdone meiehata Lam. 

Fam. PhUonesida, PhUenexU Cureiia Ver., Tremectojmi vielai^eva Dell. 
Ch., Argnnavta argo L. The small male is without a shell ffig. 639). The 
large female possesses fin.tike exjutnsions of tbe dorsal arms, and bears a boat- 
shaped, delicate shell, round the sides of which the arm-fins are spread (fig. S43). 
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CHAPTER II. 

MOLLUSCOIDEA. 

Attadied bilcUeral unsegmerUed animals, with crown of ciliated 
tentcicles or spiraUy rolled buccal arms; enclosed by a cell or by a 
bivalve sheU, the valves of which are dorsal and ventral: ivith a 
simple ganglion or with several ganglia connected by a pharyngeal 
ring. 

The two groups, Bryozoa And Brachiopoda, which are included in 
the Molluscoidea were formerly placed amongst the Molluscs, to 
which they do indeed present affinities. With the increase in our 
knowledge of their developmental history, it appears more and more 
probable, not only that the two groups are descended from an ances- 
tral form common to them and the Annelids, but also that in spite 
of the considerable differences between them in the adult state, thev 
are in reality closely related, a supposition which agrees with the 
great resemblance of their larvae. Should tliis view of the close 
relationship of the Brachiopoda, which are always solitary, with the 
Bryozoa, which almost always form colonies, turn out to be well 
grounded, then the tentacular crown and the simple ganglion of the 
latter would be homologous with the spiral arms and subceso- 
phageal ganglion of the former respectively. 

Class 1.-BET0Z0A ♦ = POLTZOA. 

SmaU animals usually united together to form colonies ; with 
ciliated tentacular crown, horse-shoe-shaped alimentary cayial and 
simple ga/nglion. 

The Bryozoa owe their name to the moss-like dendritic appearance 
of their colonies, on which the small individual zooids are arranged 
in a regular manner. The colonies may, however, have a foliaceous 
or polyparium-like form, or they may form crusts on the surface of 
foreign objects. Solitary Bryozoa are rare exceptions (Loxosoma). 
As a rule the colonies possess a horny or parchment-like, frequently 

♦F. A. Smitt, "Kritisk forteckning bfver Skandinaviens Hafs-Biyozoer 
Ofvere." Xongl Veteiuk. JUad, rdrhandh, 1865, 1866, 1867. 

H. Nitsche, **Beitrage zur Kenntniss der Bryozoen." Zeit. filr wiss. Zooh, 
1869 and 1871. 

J. Barjt)i8, " Recherches sur rembryologie des Bryozoaires." Paris, 1877. 
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also calcai-eouf, rarely gelatiuous exoekeletoD, which arises fi-oin the 
liardening of the cuticle around the individual zooidg. Each zooid 
[xofFCmm) (fig. 545) is accordingly surrounded by a very regular 
and symmetrical case— the ectocyst or cell; through the opening of 
which the anterior piul of the soft body of the contained zooid witli 
its tentacular crown can be protruded. 

The form of the celh aol the manner in which they are connected 
together are veiy different in the different groups, and give rise to 
a gieat variety in the form of the colonies composed of them. The 
cells are uauall> completeh "-hut off from each other. With regard 
to their connection, they sometimes 
pi-oject obliquely or at a right angle ; 
Kometimes they are spread out hori- 
zontally on the same plane ; some- 
times arranged in rows on a hranched 
axis. Tlieir openings are usually 
turned towards one side or towards 
two opposite sides. The soft body 
wall, or endocyst (fig 545, En) is 
closely applied to the inner wall of 
the ectocyst : it consists of an bx- 
teraal layer of cells (matrix of the 
ectocyat) and of a network of crossing 
muscular fibres (the external fibres 
are ti-ansversely, the internal longi- 
tudinally arranged), which are 
separated from the first layer by a 
homogeneous membrane. On the 
inner side of the muscular layer 
there is, at least in the fresh-water ' 
Bryozoa, a delicate layer of ciliated cells which hue the body 
cavity. At the opening of the cell the soft endocyst is invaginated 
inwards, and passes thence on to the anterior and extrusible part of 
the body, of which it forms the only investment. In most fresh- 
water Biyozoa this reduplicature of the endocyst is always present 
even when the zooid ia protruded (Jig. 545). The greater part of the 
anterior region of the body, with its crown of tentacles, can, however, 
always he protruded from the cell and retracted into it again by 
special muscles traversing the body cavity (fig. 545), 

The disc on which the mouth is placed is known as the loplioplLOre. 
The lophophore is either circular (Slelmafopoda), or it is drawn out 
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into two lobes so as to have a horse-shoe shape (^Lophopoda, fig. 545), 

I and its inargiiiB are produced into a nuiuher of richly eihated ten- 

I'toclea. The tentacles are simply hollow processes of the body wall ; 

[they are provided with longitudinal muscles, and their cavity com- 

Bmunicates with the body cavity, from which they are filled with 

■tlood. They serve both for procuring food (setting up by means of 

Ktheu' cUia whu-lpools in the water) and for respiration. 

The- digestive organs lie freely in the body 

»vity, ajid are attached to the integument by the 

o-called funicidus and by bundles of muscles. 

) body and tentacular apparatus has been in- o, 

■floiTectly regarded as a kind of individual, and 

topposed to the ceil or Cyiitid, in which it is pluued, 

Kis the Polypid. The mouth is placed in the centre 

T of the ciivular or horfe-shoe shaped iophopore, and 

I a. moveable epiglottis-like process, known as the 

LSpistome, often projects over it. The alimentary 

1 bent on itself, and consists of (1) an 

[elongated ciliated cesophagua often dilated to a 

I'lnusculai' pharynx ; (2) a spacious stomach, with 

a blind ba<:kward prolongation, the hind end of 

which is attached to the body-wall by a coi'd 

(fnuicalus), and (3) a narrow intestine, which is 

Ll)ent up nearly paiulle! with the pharynx and is 

acted forwards. The intestine opens by the 

lorsaily -placed anus, near but usually out«ide the _ 

rati disc {Ectoproeta, fig. 5i5). In a few tor 

is within the ciitle of tentacles (/,'i//i>- 
orocta), e.g., Pedicellina undLoxosoma {fig. 549). . , 

Heart and vasenlar system ai-e absent. The e,i,™w, iv.'Mut»cn. 
blood tills the whole body cavity, throush which i*f i-f""" ; ". moiwh ; 

■* -^ ^' Jftf,iilinienl»iyi»nal; 

it is circulated chiefly by the cilia of the body- j,uirts;o,g»ngUoii; 
wall. The whole surface of the anterior protrusible "'"' """>■ 
p.'u-t of the body, and especially of the tentacles, serves as a 
respiratory organ. The ciliated cnnal of the Endoprocta is to be 
I regarded as a kidney. 

i nervous system consists of a gangHon placed on the ce^o- 
Iphagiis between the mouth and the anus. This ganglion in the 
a is contained in the cavity of the lophophore, and is 
Mttafhed to the cesophagua by a delicate circum-issophageal ring ; it 
sends offuumerous nerves to the tentacles and otsophagus. Accoi-d- 
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ing to Ft. Miiller there is in Serudaria a. no-called colonial nervout 
aystem which connects the individual zooids of one colon;^ and enables 
them to co-ordinate their activities. Clapar^de • deecribes the same 
for Yetictdaria, also for Scrupocellaria acmpona and Bugula {avutu- 
le^fia). Special organs of sense have not been recognised. 

Many forms of Bryozoa present examples of a. well-marked poly- 
morphism. In Serialaria and its allies the joints of the stalk 
special form of individual ; they have a considerable 
simplified organization, and serve as the ramified sub- 
stratum on which the nutritive individuals 
are placed. In addition, there are here and 
there joints of the roots which, under the 
form of tendi-U- and stolon-like processes, 
serve to attach the colony. The peculiar 
appendages known as avieularia and vihra- 
aula, which are modified individuals and 
seem to have the function of food-procuring 
organs, are found in many marine Biyozoa. 
The avieularia {fig. 547, Av) resemble birds' 
beads and consist of two-armed pincers, 
which are attached to the colony near the 
openings of the cells and occasionally snap. 
They may seize small organisms, e.g., worms, 
and hold them till they are dead; the de- 
composing organic remains are swept into 
the mouth by the currents caused by the 
cilia of the tentacles. The vibracula have 
a ^mtlar arrangement, but present in place 
of the snapping beak a long and extremely 
moveable flagelliform filament (fig. 648). 
Finally there are the ovicells (ocecia), each 
of which is filled with an egg; they have 
H' dome-shaped appendages and are sessile on 
Q (fig. 547 Ovz). 

The reprodaotioa is partly sexual and partly asexual; in the 
latter case it may be effected by the so-called statoblaatt or by 
budding. 'Hie male and female sexual organs are reduced to groups 
of cells producing either spermatozoa or ova, which usually arise in 




the form of helmet i 
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the flam© animals, more rarely in different individualH. The ovaries 
which are filled with many ova are placed on the inner surface of the 
anterior part of the body wall ; while the testes with their seminal 
capsules are developed either on the upper part of the funiculus or 
near the point of attachment of the latter to the body wall. Both 
kinds of generative products are de- 
hisced into the body cavity where 
fertilization takes place. From the 
body cavity the fertilized egg passes 
either into a bud of the body wall 
{AlcyoneUa), or, as in marine Bryozon, 
into an external appendage, — the 




The name ttatoblast (fig. 549) whs 
given by Allman to certain peculiar re- 
productive bodies, which were formerly 
M^arded as hard-shelled winter eggs, fio. 5w.-iSr--iy-«viinrm friw («ft«r 
but by him were recognised to be Aiimiui), n, vibracuiB. 

germs which are not fertilised. The statoblasts ai« found only in 
the fresh-water forms. They arise frnm masses of cells which 
appear principnlly towarda the end of summer on the funiculus 
(fig. 545), They usually possess a lens-like, biconvex form, and 
are covered by two watehglass-shaped, hard chitinous shells, the 
edges of which are often enclosed by a flat ring formed of cells 
containing air (float), and some- 
es (Cristatella) provided with a 
wn of projecting spines (fig. 549). 
L very important part of tlie 
* reproduction b effected by buds 
r which remain permanently attached. 
The process of budding begins vei'y 
early in life, before the development 

F:e.'M».-St.toM-t..fCrS(aWte™,^ «f *!>« e""^"^'" '* completed, and 

(itur AUmui). a, From tbe mtue; gives rise to the formation of 
b, (nun • B. colonies. Parte separated off from 

the colony are rarely able to produce new colonies {Criatatelia, 
Lophojma). 

The devfflopmeut is always connected with a metamorphosis. The 
budding always begins in the embryo. In the fresh-water forms, 
after the alimentary tract and tentacular apparatus have made their 
appearance, a second alimentary canal and tentacular apparatus aiise. 
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SO tlnit the cilinted embryo still enclosed in the egg membranes n 
Bents a small colony of two individuals. In the marine chilostomatous 
Biyozoa the fertilized egg passes into the ovicell, which consist* of 
u. heJmet-sbapeJ capsule and ii vesicular operculum. Here the egg 
segments and develops into an embryo, wLieh passes out as a eiliated 
larva, and swims about freely in tbe fea. The irregularly globular 
larva possesses a ring of cilia (fig. 550, a, b, o). After some time the 
larva attaches itself and develops the tentacular crown. The primaiy 
n produces new zocecia by budding ; avicularia are 





meuts. 
In the Endoprocta the egg developa in 
a brood-pouch plated on the oral Bide of 
the animal. The segmentation is complete, 
and leads to the formation of a blaato- 
sphere ; the endoderm arises by invaginar 
tion, and gives rise to the lining of the 
midgut ; the teaophagus and rectum being 
formed from the ectoderm (fig. 551). The 
mesoderm arises from two cells. The larvie 
of the Endopi'octa possess an alimentary 
canal bent into the form of a horse-shoe, 
and a ciliated collar which is protruded 
mua; cb, tuft q( diini Xn, at the front end; further, they contain a 
^^ bud (fig. 551 e, Kn), as the first rudiment 

of a second individual, and a cement gland at the hind end {Dr). 

Other larval forms, which are apparently of a very different 
structure, are reducible to the same type— e.y., Cj/phonautea 
(fig. 500, c), a larva which is found in aU seas, and is, according to 
Schneider, the larva of Memhranipora jnlosa. 

After the winter the contents of the statoblaats give rise to simple, 
non-ciliated animals, which possess, when they are hatched, all the 
pai-ts of the adult animal, at once become attached, and produce 
new colonies by budding. 



Fifi. Wi. — d.lAi-Tft of Oasuia Teptan 
(altoi Barrda). b, Lurva of Lc 
pmiia (nKw Bsiruis). e, cyMo 
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The Bryozoa are for the most part marine, and they attach them- 
selves to stones, Lametlibrauch shells, corals and plants. Some 
f':K~«sh-wftter forms belonging to the genus Crulalella have the power 
c»:t moving about. 

The Bryozoa were widely distributed in the earlier periods, a^ 
fclaeir nnmerous fossil remains, which increase in number from the 
•3 iirassic period onwards, prove. 



Order 1. — Enbopeocta.* 
Bryozoa toith anue within the circle o/ tentacles. 
la the structure of their bodies and the formation of their colonies 




it ol PiIk nn hnala {tiler B. 1 
DBtieusa uaa ot sndodarm Be Ectoderm En, endod 
b, Liht«T eta^ in optioaL mfi aa wot on Oud of the two 1 
to tbr right and l«ft of the m ddle iioe u ind ul£d. r. Ltt 
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the Endoprocta present simpler more primitive conditions since they 
retain essentially the organization of the Bryozoan larva. The 
tentacular apparatus of the adult is from its origin directly re- 
ducible to the ciliated crown of the larva. Mouth and anus both 
open within the tentacular circlet into a kind of atrium, which forms 



n brood-pouch in which the testes and ovaries open and the embryoB 
are developed. A pair of ciliated excretory canals is present. 

Fam. pBdieellinida. Stocks with stolona, on which the long-atalked indi- 
viduals project. Pfilicflliaa ee/iinata, Sara, (fig. 562). 

Fam. Loxoionudo. Long-stalked solitary animala LoxittDma tingitlart Eef., 
L. neaj/atitantim Eow. 

Order 2. — EkTroPEOCTA. 
Bryozoa with anus opening outside the tentamdtir circlet. 
This giflup includes by far the greater number of the Bryozoa; 
their structui-e has been especially referred to in 
the precedent description of the clasa. The anus 
always opens outside the ring of tentacles, which 
are either arranged in a closed cii'cle or on a 
two-armed horse&hoe-shaped lophophore. 

Sub-order I. Lophopoia * (Fhylaotoltemata 

AUm.). 

Fresh-water Bryozoa {excepting ike maritie 
Hhuhdopleura) tcilh horgesJwe-shaped lophophve 
aitd epistome. 

The Lophopoda are mainly distinguished by 
the bilateral arrangement of the numerous ten- 
tacles on the two-armed lophophore (fig. 553). 
Tliere is always present above the mouth a 
moveable, tongue-shaped process, the epistome, 
whence the name Phylaetolremata given by 
Allman to this »ub-order. The zooids are usually 
of considerable siae, and, as opposed to the 
marine Bryozoa, they are all alike (i.e., there 
is no polymorphism). The cells frequently com- 
Fja^sT— ;>■< "1 muiicate with each other and give rise to 
( n a T Te tacn. ramified, or more spongy massive stocks of 

la CTOBU O idoutb; , ' . , 

MD b1 menuiy huikI always transparent, sometimes homy, sometimes 
a «™ b) A »niu; softer (either leatheiy or gelatinous) consistency, 
lion Statoblasts are very generally present. 

Fam. Criit»t«Ilida. Free-moTing colonies on the upper surface of which the 
individual zooida nrc arranRed in concentric circles. (h-Utati-lla mveedo Cut, 

Fam. Plamatellida, Attached, mns^we or ramified colnnies of Qeshv or 
coriaceous consistence. Lophojmg cryatallinnt Pall., Aleyenella fvngoaa Pall., 
PlumatHla repeni L. (figs. 5i5, 553). 

• G. J, Allman, " Monograph of Fresh-water Polyzoa." Ray 8oc., 1866. 
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Sub-order 2. Stelmatopoda (Gymnolsemata). 

Bryozoa with discoidal lophophorSy tentacles in a closed circle; 
mouth without epistome. 

The Stelmatopoda are, with the exception of the PaludiceUidce, 
all marine forms. They are always without the epiglottis-like 
epistome, and possess a complete circle of less numerous tentacles, 
which arise from a round buccal disc (fig. 547). In many forms, 
as in Alcyonidium gelatinosum, Mernbranipora jnlosa, a flask-shaped 
ciliated canal in the body cavity has been observed ; it opens to the 
exterior near the tentacles, and probably corresponds to the nephridia 
of segmented worms. Statoblasts are only rarely present. The eggs 
usually give rise to ciliated larvae. The colonies are for the most 
part polymorphic, being often composed of root- and stem-cells, with 
vibracula and avicularia. The 
ectocysts are sometimes horny, 
sometimes incrusted with cal- 
careous matter, and present 
great variety of form. 

Tribe 1. Cyclostomata. The 
orifices of the cells wide and 
terminal, without movable ap. 
pendages. Most of the species 
are fossil. The living species 
inhabit the Northern Seas. 

Fam. Crisiadae. Colonics erect „ „ ,. , . 

, . , ^ , ^ . . .X Fig. 553. — Plumatella repens. slightly magnified 

and jointed. Crma cornnta Lam., ^^^^^^ ^^^^^^ ^^^ Lophophore ; i). aUmentary 

Mediterranean and North Sea ; canal. 

C. ehurnea L. 

Fam, Tubuliporidae. The zooecia disposed in continuous rows. Idmmiea 

atlantica Forb., PJialanf/clla jmlmata Wood, Arctic Ocean. ^ 

Tribe 2. Gtenostomata. Apertures of the cells terminal; when 
the tentacular sheath is retracted they are closed by a circle of spines 
as by an operculum. Stem-cells and root-filaments frequently occur 

Fam. Alcyonidiidae. Zooecia united to form gelatinous stocks of irregular 
form. Alcyonidium gelatino»nm L., Northern Seas. 

Fam. Vesicularidae. Ihe zooecia project as free tubes on the branched, 
creeping or erect colonies. Voficulavia uva L., FarelJa pedlcellata Aid., Nor- 
way, Serialaria Coutinhii, Fr. MUll. 

Fam. PaludicellidsB. Fresh- water forms. Pahidicella Ehrenbergii, Van Ben. 

Tribe 3. GMlostomata. The apertures of the horny or calcareous 
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cells can be closed by a movable operculum or by a spliincter muscle. 
Avicularia, vibracula, and ovicells are often present, 

Pam. CDllBlariidn. DichotomonHly branched colonies ; zocEcia in two or 
several rows. CrlMaria Pallas, C. Pcaekii Bask, Scmptieellaria Van Ben. 
S nrrvpnia L. 

Fam. SioeUariidn. Zocecia conical or quodrangnlor, bent. Latenil face on 
wliicli Ihe ftporturo is placed ia elliptical, and placed obliquely to the mediiuj 
plane of tbn ssiB. Biigvlii Oken.E. areievlaria 1.. Cfig. 547). 

Fain. Kembrkniporidte. ZoQacia more oalcifitKi and united to form an in- 
crusting colony. Mi'mbranipora Blainr., 3{. piloaa L., Adriatic ; I,i'pratui 
pertuta Eap., Adriatic ; Fliutra iiiembrannefa L. 

Fam. Bateporidae. Zorecia oval-cylindrical, united to a reticnUtod colony. 
Setupera Lam., S. etlluloia L., Uediterrancan to the Arctic Ocean. 




Class n,~-BHACHIOPODA.^' 

Fixed MoUuBCoidm, with anterior {dorsal) and posterior (ventrt 
sftell-vatveg, with two spirally-coiled buccal arms. 

The more recent researches into the development have shown t' 

• R. Owen, " On the anatomy of the Brachiupoda." Tramact. Ziiol. See., 
London. I8;t5. 

A. Hmicoek, " On the arganiBation of the Bracliiopoda." Phil. Tram., Lqn- 
Uon, 1868. ■" 

DavidBon, "Monograph of the British fossil Brachiopoda." 1858. 

LacaEe-DotMere, " HiBtoire naturelle dcs Brachiopodes vivantH dela Hedib^ 
ranfie." Ann. des. So. Aat.,lS7l, Tom. XV. 

Kowalerski, " Sussiacbe Ahhandlung Bber Brachiopoden-Entwickelnn 
MoBksu, 1874. 

W. K. Brooks, " The development of Lingula, and the systematic position N 
the Bmchiopodft." Ckesapeake Zool. Lab, Sclent. Ptnlti. 1878. 
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the Brachiopoda, nhich have hitherto been regarded as Molluscs, are 
closely related to the Bryozoa. 

The Brachiopoda possess a large body, enclosed in a bivalve shell, 
of which one valve is anterior (dorsal valve), the other posterior 
(ventral valve) (fig. 554). Both valves lie upon corresponding folds 
of the integument (mantle lobes), and are often connected on the 
back by a kind of binge, above which the usually more arched 
ventral valve projects like a beak. This ventral valve is either 
directly fused with foreign bodies, or the animal is attached by a 
peduncle projecting through the opening of the beak (fig. 554 St). 
The peduncle may, however, pass out between the two valves {Lin- 
guia). The valves of the shell are cutieular structures secreted by 
the skin and impregnated with cal- 
careous salt^ ; they are not opened 
by a ligament, but Vy special groups 
of musclea (bg 554 ifd) , they are 
closed al'O by muscles, winch are 
placed near the hinge and pass 
transi erticly f rom the doisal to the 
ventral surface through the bodj 
cavitj (hg 554 Ma) 

The body is bilateral and enclosed 
by the fehell it pos-iesoes two Urge 
reduphcations of the mtegumenti 
the two mantle lobes i^hich are 
apphed to the mner surface of the Pio 555 — dotmi v»ir» of «he}i of Wi-t i 
shell The edges of the mantle '^""^ «(>■=;'. with tL,braciijfli»kf]«,»D 
lobes are thickened, and carrv ^ery 

regvdarly arranged setse The mantle may al&o produce withm its 
own substance calcareous spicules or a continuous calcareous network. 

The mouth is placed between the bases of the two spiral arms and 
leads into the cesophagus ; the latter passes into the intestine, which 
is attached by ligaments and surrounded by large hepatic lobes. The 
intestine either describes a single bend, or is of considerable length 
and coiled (Diacina, Lingvia). In the latter case it opens into the 
mantle cavity by an anus placed on one side of the middle line ; 
while in the hinged Brachiopoda {Terebralula, WaMfuhnia) there is 
no anus, and the intestine ends blindly in the body cavity (tig. 554), 
Sometimes the end of the intestine is continued into a string-like 
organ {Tkeaidium). 

The two buccal arms are supported by a hard framework, con- 

VOL. II. 6 
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sisting of calcareous processes of the dorsal valve of the shell (fig. 
555). They have the form of long appendages rolled up in a conical 
spiral on the anterior side of the body ; and they are traversed, as 
' are the labial palps of many lAmeUibranchs, by a groove. The edges 
of the groove give rise to close-set and long fringes composed of stiff 




FiQ. 658.— DoTolopioant of Argi<ipe {attar Kcmralevaki). a, Larvs. the gmtrie MTitj- of which 
ht>9 given rise to th« dlverticoln of the bodj cavity {lAh D, pit. 6, Larva with three 
rtgioiu or wgmente. c. Larva with four bnndl™ of asto' ia the niantle lobea of the middle 
MglDBiit. d, Later stnge. (, Attached larva with uiautle lob« bfot anturiorl}'. f, The. 
tentadee <r) an dsvolopml ; SI, ptidimcle. 

and movable filaments, the ciliated covering of which produces a 
strong current which leads small particles of food to the mouth 
opening. 

The heart is placed on the dorsal side of the anterior part of the 
intestine (etoniach). It receives the blood through a venous trunk 
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running on the <e8opbaguB, and gives off several lateral arterial 
trunks. The ifaacular system is not closed, but is in connection with 
a blood sinus surrounding the alimentaiy canal, with the lacume 
of the viscera and with a well-developed system of lacunie in the 
mantle and arms. In the latter the blood is brought into close 
osmotic relation with the wat«r, over a large surface ; tbe inner 
surface of the mantle and the spiral arms are, therefore, correctly 
r^arded as reaptratOTj oi^fana. 

Ezoretory organs. — Two, rarely four, canals, which are provided 
with glandular walla and open on each side of the intestine with a 
funnel-shaped aperture (fig. 654 Tr) into the body cavity, and on 
either side of the mouth to the exterior, are to be regarded as kidneys 
(corresponding to the segmental organs of Annelida.) They function 
at the same time as generative ducts, 
and were called oviducU by Hancock. 

The nerroos system consists of a 
circnmcesophageal ring on which two 
amall supracesophageal ganglia are in- 
serted. The Gubcesophageiil ganglionic 
swelling of the ring is, however, much 
larger, and from it nerves pass out to 
the dorsal mantle lobe, the arms and ad- 
ductor muscles, and to two small ganglia 
-which supply the ventral mantle lobe 

and the peduncular muscle with nerves. Broi.ks). t, iVniatiMi o, mouth; 
Sense oreans are not known with cer- ■"■ »i™e'it«y camii 4f. anm; i, 

=■ Uvor ; SI, raaiment of pednuolo. 

tamty. 

GenwatiTe organi. — In all probability most Bi'acliiopoda, as 
Diacina, Tlieeidvam and Terebrattdina are diieeious. The sexual organs 
consist of thick yellow bands and ridges which have a paired arrange- 
ment and project from the body cavity into the lacunte of the mantle, 
and are there considerably ramitied. The eggs puss from the glanila 
into the body cavity, and are conducted to the exterior by the ovi- 
ducts (excretory organs) whose funnel-shaped internal openings have 
already been mentioned. 

DevelopmeiLt (fig. 556). — After a total segmentation a kind of 
gastrula is formed, usually by invagination, and the ai-chenteron 
{Argiope) becomes divided as in Sagitta into a median cavity, and 
two lateral diverticula which are constricted off and give rise to the 
body cavity (fig. 556 a, b). The oval larva then elongates and 
becomes divided by constrictions into three segments (lig. 556 h, c), 
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of which the ajiterior becomes umbrella-Bhaped, and derelopa cilia 
and eye-^K>ta ; subsequently it atrophies and gives rise to the upper 
lip. A fold is formed on the middle segment ; this gives rise to the 
two mantle lobes, which Goon cover the body and a part of the candal 
segment (fig. 556, d). Four bundles of long sette, which, as in the , 
Worms, can be drawn in and protruded, make their appearance on 
the ventral lobe of the mantle of the developing larva. Later the 
^ larva becomes attached and the metamorphosis 

begins. The fixed posterior segment becomes the 
peduncle ; the mantle lobes bend forward and 
produce the shell. The bundles of setie are 
thrown off; the d«^sitioii of calcai-eous matter 
in the shell begins, and the tentacular filaments 
(which are at first arranged in a circle) of the 
later arms make their appearance. In T/ieeidium 
the inner layer (mesoderm and endoderm) arises 
from maases of cells which are budded off into 
the segmentation cavity. The subsequent meta- 
morphosis of the larva when provided with 
tentacles has been most accurately investigated 
by Brooks for Lingida, the larvse of which are 
stilt free-swimming when the tentacles are bong 
developed (fig, 557, a, b). 

At the present day but few Brachiopods are 
found in the different seas, as compared with the 
.— xongitudi- much larger number in the earher formationB; 
certain species of these fossil Brachiopods have 
great importance as characteristic fossils. The 
oldest fossils also belong to the Brachiopoda 
and certain genera which first appeared in 
the Silurian have persisted to the present day 
(^Zdngida). 



ItirTB {Httet Bcoulu), 

traJ'alveofUieBh 
Mr, thl.k«u«d mil 



Order 1. — Ecahdines (Inabticolata.). 

Shell without hinge and brachial skeleton. Alimentary canal 

with laterally -placed anus. Edges of the mantle lobes completely 



Fain, liagnlidv, Lingida anatina Lao?., Indiao Ocean, 
Fam. Diiciaidte, IHtciKa lamellssa Brod., South America. 
Fim, Cianiada. Crania- anomala MuU., Nortb Sea; Or. roUrata Hogt., 
Ucditarreatan ; Ct. antiqua Defr., foBsil from the Chalk. 
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Order 2. — ^Testicabdines. 

The shell is calcareous, with hinge and brachial skeleton. The 
intestine ends blindly. 

The exclusively fossil families of the OrthicUe and Frodnetidee {Prodvctvs 
Sav.), the edge of the shells which have no hinge, form the transition between 
the two orders. 

Fam. ShynehoxLellidsB'. Rhynohcmella pHttacea Lam., fossil species found in 
the Silurian. Penfamerus Sow., contains only fossil species from the Silurian 
and Devonian formations. The fossil Spiriferida are allied here {Spvrifer 
Sow.). 

Fam. TerebratnlidsB. TheoidiHm mediterranetim Kiss., Waldheimia King; 
Terehratula vitrea Lam», Mediterranean ; Terehratulina caput serpentU L., 
North Sea ; Argiope Dp. 



CHAPTER III. 

TUNICATA* 

BilcUercUy saccular, or harrelrshaped animals ; the respiratory cavity 
Miiih two wide openings, between which is placed a simple nerve 
ganglion. Heart and branchiae are present. 

The Tunicaia owe their name to the presence of a gelatinous or 
cartilaginous envelope or mantle (the tunica externa or testa), which 
completely surrounds the body. The body is saccular (Asddians) 
or barrel-shaped (Salpce), In all cases there is at the anterior end 
Ck wide opening (figs. 558, 559, 0), which can be closed by means of 
muscles, and often also by valves. Through this opening water and 
nutrient matters pass into the pharyngeal cavity, which also serves 
as a respiratory organ. At some distance {Ascidians) from this first 
opening, or at the opposite end of the body (Salpce), there is a second 
opening (figs. 558, 559 A), which can also be closed; this serves as 
the exhalent opening of the cloacal cavity (Kl), which communicates 
with the pharyngeal cavity. 

* J. C. Savigny, " Mdmoires sur les animaux sans vert6bres, II. " Paris, 
1816. 

Chamisso, " De animalibus quibusdam e classe Vermium." Berlin, 1819. 

Milne Edwards, " Observations sur les Ascidies compos^es de cdtes de la 
Manche." MSm, Aead, Sc. Parts, 1839. 

A. Kowalevski, " Weitere Studien iiber die Entwickelung der einfachen 
Ascidien." Arch, fUr mihr. Anatomic, Taf. VI., 1870. 



The integument ia sometimes gelatlnouH and sometimes of leatha^ 
or cartilaginous consistency, and is often cleftr as cryfital oi- tran^^ 
parent, but sometimes opaque and varioudy coloured. The outer 
surfa<» ia smooth or warty, sometimes spiny or felted. This external 
integument, which completely 
envelopes the body, is called the 
external mantle (tunica), and was 
formerly regarded as a sort of 
shell and compared to the bivalve 
shell of the Lamellibi-anchs. This 
view seemed to be supported 
by the intei'esting discovery of 
Lacane-DuthierB* that there are 
Ascidians in which the stiff 
cartilaginous tunic ia split into 
two separate valves which can 
be closed by special muscles 
(ChevreuUus). As a matter of 
fact, this is simply an external 
analogy, for the mantle space 
correftponda to ati atrial cavity, 
and the branchial sac to the 
pharyngeal sac. The substance 
of the mantle arises as a cuticu- 
lar excretion ; it consists of a 
matrix containing eellulose and 
cells, and therefore with respect 
to its structure is a kind of 
connective tissue. In the colonial 
Tunicates the external mantles 
of all the individuals may fuse 
F,o.BB3.~«o«ii™,i-,««((/-"'«.i.ltJg.i"«..in,«i). together to form a common 

■omewhat diAgimnmatlc 0, MouCh ; Br, ^Ua ; jQg^g^, 

emi™- MD, ttoiBMh; Ki.oioacai BpHce; J, Beneath the saccular mantle 
eiiuii™tjK«,^,=nn.; GD.genitii gland; lies the body wall of the animal, 

Sir, geuital duct; ^.bUjIodb. ii i i i v- i. 

the outer cellular layer of which 
is applied to the mantle and represents the ectodermal epithelium 
which has produced the mantle and also the subjacent so-called 
internal mantle layer. Within the latter all the organs of the 

• Lacaze-DuthierH, " Swr un imnveau d'Ascidicu." Ann. drs Sc. jVa!. V*. 




TimiCATA. 



87 



1 system, the digestive apparntus, the 
julatorj' organs, — lie embedded in a kind of body 



idy, — the musi 
lerative and c 

The nervous system is confined to a simple ganglion, the position 
of which near the inhalent aperture marks the doraal surfBoe. Tlie 
nerves which radiate from the ganglion branch and paes, some to 
the niTisclea and viscera, some to the sense organs — such as eyes, 
anditoiy and tactile organs — which are found principally in the free- 
Bwimming Tunicates. 
The mnscnlar system is chiefly developed arovind the respiratory 
hVity, and serves for the dilatation and contraction of this space as 
for closing the inhalent and exhalent porea. In the Ascidians 
re three layers of muscles, an external and internal longi- 




I. SSe.— 8Hlpa ilnrnxnt 



idinal and an internal circular layer, while in the Salps there are 
■like rings of muscles embedded in the substance of the body- 
and effecting not only the renewal of the water used in 
but also the movements of the free-swimming barrel- 
body. A special organ of locomotion is present in the small 
l^endicjitaHa and the free-swimming Ascidian larva; ; it is placed 
the ventral surface as indicated by the position of the heart, and 
Bnsists of a vibr.ttile whip-like caudal appendage supported by a 
jtochordiil rod (wrocAard). 

The alimentary canal begins in all cases with a wide pharyngeal 
ivity, which funetiona as a respiratory organ. The anterior mantle 
>ening, which must be looked upon as the mouth, leads into this 
ivity. The oesophageal opening is placed at a distance from the 
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mouth inside this respiratory cavity, which in the Ascidians has 
the form of a latticed branchial sac. A ciliated groove bounded by 
two folds extends along the middle ventral line of the pharyngeal 
cavity, between the mouth and the opening of the oesophagus. The 
glandular walls of this ventral groove are distinguished as the endo- 
style (figs. 558 and 559, End), It begins with two lateral ciliated 
arcs, which unite to form a complete ring near the inhalent aperture 
(mouth), and somewhat in front of the ganglion pass over a small 
cone projecting into the pharyngeal cavity. 

The digestive canal which follows the pharyngeal cavity consists 
of a ciliated oesophagus, which is usually narrowed into the form of 
a funnel ; of a stomach, usually provided with a liver ; and of a small 
intestine, which bends round, forming a loop, and opens into the 
cloacal cavity. 

There is always a heart, which is placed on the ventral side of the 
intestine and is surrounded by a delicate pericardium. The con- 
tractions, which are active and regular, pass from one end of the 
heart to the other. 

The sudden change in the direction of the contractions (discovered 
in the Salps by Hasselt), by which after a momentary period of rest 
the direction of the blood stream in the heart is reversed, is worthy 
of note. The vascular trunks (lacunae) passing from the heart lead 
into a system of spaces in the body wall through which the blood 
passes. In the Ascidians there are also vascular loops in the mantle, 
in that diverticula of the body wall, containing blood and covered 
with epidermis, project into the mantle. Two principal channels 
for the blood are placed in the middle line — one on the dorsal side, 
and the other on the ventral beneath the ventral groove ; they are 
connected by transverse channels placed in the wall of the branchial 
cavity. The latter communicate with the blood spaces of the 
variously-shaped branchia, which is formed by the walls of the 
pharynx, and over the surface of which the water is continually 
renewed by means of the vibratile ciha which cover it. In the 
Ascidians almost the entire wall of the pharynx takes part in the 
formation of the gill. In these animals the pharynx has the form 
of a sac with net-like walls — i.e., its walls are perforated by a number 
of slits, which lead from the pharynx into a chamber which is de- 
veloped round it. This chamber is derived from the cloacal cavity, 
and is known as the perihranchial chamber. The branchial sac or 
pharynx is fixed to the walls of the perihranchial cavity along the 
whole length of the endostyle, and by numerous short trabeculse 
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which pass from the bars of the branchial network to the outer wall 
of the peribranchial chamber. In other cases, the number of gill- 
slits is considerably reduced, and the gill is confined to the dorsal 
part of the pharyngeal wall (Doliolumf Scdpa). 

Ctenerative Organs. — ^The Tunicates are hermaphrodite ; the male 
and female generative products, however, often attain maturity at 
different times. The Salps especially, at the time of their -birth, 
have only the female organs, and it is not until later when they 
are pregnant that the male organs attain maturity. In Ferophora 
the testes become mature first, in the BotryUidce the ova. The testes 
and ovaiies lie, as a rule, among the viscera in the hind part of the 
body. The ovaries have the form of racemose glands, the testes of 
blind tubes united in tufts. The generative ducts of both sexes 
open into the cloacal chamber, in which (rarely in the place where 
the germs originate) the fertilization of the ovum and the develop- 
ment of the embryo takes place. The embryo either leaves the 
cloacal chamber through the exhalent aperture while still enveloped 
by the egg-membranes, or is nourished by a sort of placenta and 
bom at a more advanced stage of development {Salpa). 

In addition to the sexual reproduction, the asexual reproduction 
by means of budding is very general, and frequently leads to the 
formation of colonies with very characteristic grouping of the indi- 
viduals. The budding sometimes takes place on different parts of 
"the body, sometimes is confined to definite places or to a germ-stock 
(stolo prolifer). The colonies thus produced do not by any means 
always remain fixed ; but, as e.g.y. Pyroeoma, may possess the power of 
moving from one place to another, or, as in the ScUp-chains,. they can 
swim tolerably rapidly. 

The embryonic development of the Ascidians presents a great re- 
semblance to that of the lower Vertebrates, and more especially to that 
of Amphioxus, After the completion of the total segmentation a two- 
layered gastrula is formed, from the ectoderm of which the neural tube 
is developed. At the same time an axial skeletal structure, like the 
chorda dorsalis, arises from a double row of endoderm cells. The 
relative positions of the alimentary canal, the nervous system aiad the 
notochord are analogous to those of the Vertebrates. 

The post- embryonic development of the Ascidians is complicated. 
The embryos leave the egg-membranes as movable larvae (Ascidian 
tadpoles) provided with a swimming organ (tail) and an eye-spot. 
They swim about freely for some time, and in many cases produce a 
small colony by budding before becoming fixed. In the Salps and 



Doliolum tbere is an alternation of generationa, which was discover 

in the case of DoKolum by Chamisso long before Bteensfcrup. 

solitary Salp, developed from the fertilized ovum of the 

sexual form remuns asexual all it^ life, but from its sl.o!o proliftm 

chaJiiB of Salpa are produced, the individuals of which differ conriJaK 

ublj in form from the asexual animals and axe sexual. lu Dolioha 

the alternation of generations is much more complicated, 

as Beveral generations succeed one another in the cycle of develo] 

All the Titmicata are marine animals and feed on Algce, DiaUy, 
and small Crustacea. Many, and especially the transparent Pyroaa 
vnidee and Salpidtn, ai* phoKphoreacenfc, emitting a beautiful a 
intense light. 

CIA8S I.— TETHTODEA* (Aficidiiu]=). 

For the most partjtxid Tunicaia with saccular bodies. 2 
and exhalent pores are placed dnse together, aivl the branchial ga£ | 
large. Development by means of tailed larva. 

The body of these animals, as the name Ascidia implies, has tlit 
form of a more or less elongated tube or sac with two openings, which 
are usually close to one another ; of these openings the anterior is the 
mouth and the posterior the cloacal openiug. More rarely, as in the 
BotryllidtB and the fi'ee-swimniing Pyrosomidm, the two openings are 
placed at a considerable distance from one another at the opposite 
ends of the body. The mouth can be closed by a sphincter muscle, 
and in many cases by four, six, or eight marginal lobes (fig. 560). 
The edge of the exhalent opening, which can also be closed, and which 
is placed behind the mouth on the neural (dorsal) side, is often 
similarly divided into four to six lobes. The spacious phaiynx which, 
as a rule, has the form of a latticed branchial sac, contains at some 

• Beeidea the already quoteii works of M. Biwaids and SasigDy, CI. J. C. 
Snvigdy, "Tableau syatcmatiqae des AscirlieB, etc," PariB, 1810. 

EBChricht, " Anatomigk Beskrivelse af Chelyoaoma Mac-Leyauani." Kjoven- 
havn, 1842. 

Van lieaeden, " Beoherchea aur rEmbryogSnie, V Anatomic et la Physiologie 
dCB Aacidjea aimplea." Mint, de I' Acad. roy. de Belgiqite, Tom. j£s., 1841. 

A. Krohn, " Ueber die Eatwickelung von Phaliueia mammillata." MiiUtr's 
Arakie, 1852. 

A. Kroha, "Ueber die Fortpflanznng^veThSltniffle bei den Botryllideo and 
ilber die friiheate Bildiingder Botrylluaatficke," AtcMt fiir XaturgciieMohte, 

Tom. XXXV., lees. 

Th. Huxley, "Anatomy and ileYelopmeDt ot Pyroaoma." Trans. Lin. Sep., 
Vol. SXIII., 18oa. 




•listsnce from the month a circle of usually simple tetitacleii. On the 

neural side of the branchial sac is the cloacal cavity which i 

not only the water flowing out through the branchiul elits, but aleo 

the firoea and the gBnerative products. Tlie digestive canal, I 

with the other viscera, i 

times placed as in all the simple 

AscidJans rather to the side of 

the branchial sac or, as in the 

elungat«d forms of the compound 

Ascidians, simply behind the 

same, and in the lattei 

often occasions a constriction 

the body, bo that Milne Ed' 

was able to dintiuguiah a thorax 
I and abdomen, or even a thorax, 
I nhdomen and post-abdomen. 

The Ascidians either 
I solitary, and then usually attain 

a considerable size {A. mlUai-i<t), 
^or by budding and throwing 
■tiui root-processes tbey produce 
■branched colonies, the individuals 
p.of which are connected togethei' 
r ty their body walls, and are not 

embedded in a 
f- covering (A. socinles). In other 

a {Synaaeidim) 
\ dividuals live in a ' 

they often have a charac- 
I teristic arrangement around a 
[ common central opening {A. 
ce), so that each group 
s central cavity, into which 
i the exhalent {i.e. atrial) openings 
I lead as into a common cloacal 
[ cavity (fig. 561), There are 
I solitary (Appendicularia) as well 
I AS compound Ascidians {Pyrogi 

■ aolitaiy Appendicular irs execute the most perfect swimm 
1 ments. In their external form they resemble the free-swimming 
LAsddian larvie, and like these they have a whip-like swimming 



ivementa propels the Ixidy 
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tail, which by its undulating 
forwurd. 

In order to understand the structure of the Ascidians, it will be 
well to start from these simply organised forms. The moat striking 
character of the Appendkularia, next to the possession of the 
ventrally-placed gwimming tail with its notochord-like skeletal axis 
(uTochord), consists in the absence of a cloacal chamber for the 
i-eception of the excreta. Tlie anus is placed in the middle line of the 
ventral surface ; further, there are two funnel-shaped atiial canals 
which begin on either side with a strongly-ciliated opening 
Q into the pharyngeal sac, and open 

to the exterior right and left, 
usually rather in front of the 
mue. These branchial passages 
irise as invnginations of the ecto- 
lei'm, which come into connection 
vith corresponding evaginations 
of the phalangeal sac. The in- 
troduction of nourishment is 
regulated by two ciliated area, 
which begin at the front end bl 
a fthort endostyle, surround the 
entrance of the pharyngeal sac, 
and run obliquely towards the 
dorsal surface, where they unite 
to form a median row of diia 
(compoHed of two rows of ciliated 
. cells). The latter passes back 
' to the opening of the cesophagus, 
opposite a narrow ventral ciliated 
band, which begins at the hind end of the endostyle (fig. 562). 

The Aacidian larvffi (Pka/Iuna) also have, as Krohn long ago 
dL'wovered, two branchial slits with con-esponding atrial passages. 
The latter, according to Kowalevski, arise as invaginations of the 
ectoderm, and later on unite on the doi-sal side, and then open by a 
eommon cloacal orifice. The ectodermal lining of the atrial cavity, 
which grows round the sides of the pharyngeal sac, consists, therefore, 
of a branchial layer which is applied to the pharynx, and a parietal 
layer which forms the internal lining of the outer wall of the peri- 
biunchial or atrial cavity. The atrial cavity extends round the 
pharynx as 'far as the sides of the endostyle. The wall of the 




pharynx becomes perforated by aa ever-increa^ng number of alitK, 
and thus gives rise to the branchial basket-work. 

The special Form of the branchial basiket-work presents numerous 
modifications of systematic value. Nob only is the external surface of 
the branchial sao attached to the body-wall by trabecule and band", 




through irhich the blood passes, but the internal Kurfa«e also often 
presents folds and projections of varying form. Similarly the 
branchial openings with which the wall of the pharynx is pierced 
differ in size, number, and form; they may be rounded, elliptical, or 
even spirally coiled. 
The ciliated arrangements in the perforated branchial sac of the 
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Ascidians correspond to those of the Appendicularice, and consist of 
the so-called endostyle with the ventral groove and the two ciliated 
arches. 

The ciliated oesophagus is short and funnel-shaped, and leads into 
a dilated portion distinguished as stomach, whose walls have a 
layer of large entodermal cells and are complicated by the presence 
of fold-like projections. Glands, which are sometimes follicular 
sometimes composed of bundles of tubes, or of tubes united in a 
network, lie upon and open into the stomach ; they are generally 
known as * liver, but would be better called hepatopancreas. The 
small intestine which follows the stomach is of considerable length, 
is usually bent on itself (haemal curvature), and is continued into a 
short rectum (piriform in Appendicularia), which opens into the 
cloacal chamber. Besides the glands already mentioned, a gland-like 
organ has been found in many Ascidians : as there is no opening to 
this gland, the concretions found in its lumen are probably not in 
general removed. It may, perhaps, be regarded as a kidney, since 
Kupffer t has shown that uric acid is present in the concretions. 

The heart is placed on the ventral side of the intestinal canal. 
It is a contractile tube, each end of which is prolonged into a vessel. 
In the Appendicularice {Cojyelata) the heart is placed transversely, 
and is pierced by only two slits. The so-called vascular system of 
the Ascidians consists of a ri(;h net-like system of lacunae, which 
cannot, however, be said to have special walls. 

The nervous system is reduced to an elongated ganglion (cerebral 
ganglion) placed on the dorsal side of the branchial cavity. From 
this ganglion nerves are given off, especially forwards towards the 
entrance of the pharyngeal sac; but unpaired sense nerves and 
latefal and posterior nerves also arise from it. In the Copelata and 
Ascidian larvae the cerebral ganglion is more complicated. In these 
animals it has the form of a cord, primitively containing a cavity, 
and divided later by constrictions into three regions, and is connected 
with ganglia in the tail (fig. 563). The anterior conical part of the 
brain gives off paired sensory nerves to the region of entrance into the 
branchial sac ; on the median globular part are placed the auditory 
vesicle and a stalked ciliated organ ; while the attenuated posterior 
part gives off two lateral nerves to the atrial canals, and is prolonged 

* Th. Chandelon, "Eecherches sur une annexe du tube digestive des Tuniciers.*' 
Bull, de Vacad. rmj. de Belgique, Tom. XXXIX., 1875. 

f Cf. Besides Kowalevski I.e. Kupffer, " Zur Entwickelung der einfachen 
Ascidien." Ai'ch.fiir viikr. Anat., Tom. VIII. 1872. 

Lacaze-Duthiers, Arch, de Zool. experim.^ 1874. 
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into a long nerve, which at the base of the tail dilates to a ganglion, 
and in its further coiu«e forms a number of smaller ganglia (fig. 
663). The reduction of the central nervous system to the simple 
ganglion of the Ascidian begins ^fter loss of the tail, and after 
devdopment of the branchial basket. 

Of sense O^sns the processes of the integument which serve for 
tactile purposes (the lobes of the oral and atrial apertures and the 
tentacles), and peripheral nerves, ending in epithelial cells, are most 
widely distributed. The large ciliated cells on the edge of the 
mouth of the Copetala must be placed in the same category. The 
ciliated pit is to be regarded &s an ol&otory organ. It consists of a 
depression in the wall _ _ 

of the pharynx lined 
with ciliated crUs, and 
is «tuated in front of 
the ganglion. Accord- 
ing to Julin, it is, to- 
gether with a gland 
situated beneath the 
ganglion, to be regarded 
sa the equivalent of 
the hypophysis. In the 
CopekUa the ciliated pit 
is elongated and lies on 
iJie right side of the 
ganglion. 

There is an auditory 

Vesiole on the left side Ulerul nerve : 01. otoUth >M Is Rg oUiLtotf 1 1t Ti. 

of the ganglion in the i»«ii» «"» wiiji th«r iimvb »6 a«ii<rfdiia. 
Copelata. This structure, which is developed from a cell of the wall 
of the ganglion, is found in the Ascidian larvee, but degenemtes soon 
after the attachment of the larva. Paired auditory vesicles appear 
in Pyrosoma where they are connected with the ganglion by a short 
Etal^. 

Masses of pigment which are present with great regularity on the 
hps of the large openings of the body in the simple and compound 
Ascidiang may be interpreted as eye spots. The eye of the Ascidian 
larvn, which lies on the ganglion and originates from a part of the 
nmral canal, has a mm« complicated structure. Later it degenerates, 
bttt in PyroBoma it is retained in the adult condition and possesses a 
lens-like structure. 




13. — KervouH By8l«n of ijipmdoi 



The ^neratlTe Ot^^ans are always united in tho same animal. 
The formation of villi on the surface of the egg-membrane by the 
follicular cells surrounding the ovum is remarkable. The origin of 




Fia. 5«4,— Dtrslspmenli ot Fhatlsiia iiuimuUMa (after Km olEvski). a, BlaaKnpbsn 
Uiniagitiste; Ph.aafavialUAoa cavity l> QutrnlB nith blutoputa (O) ~' 
Ch, commencing uotocliord (urocliiird). c. Later stage. Ek, Eotodeim ; N^ rodUiunt of ttia 

et (he DsuraJ tube ; Rai, poterior port of neural tube ; Qb, dilated anieiiar put of iieun] 

Tigitiatioa uf tuoutLi Ph, phirftigcaL iiavltj>; iVI, eixkiMylai A, nnnmeiidiig Inteitiua ; 
Kl, atria] openlDg; ; St^ blood corpu»cLea i Up. papilla for attaohmeat. /, Two di^t' larva 
(ool}' Uie beginning of the tail a represented)* ^Ei, ^t, branohial etigiData : Bb, braniililal 

the so-called test-celts (follicle-cells which have migrated inwards) 
over the substance of the yolk on the inside of the <i^-membraQe, is 
also worthy of note. 
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Development, —The wugmt-ntntiuu is L-omplete, nnti lends, according 

lu Kowalevski, to the formation of a btahtospliei* as iii Amphi- 

uius (fig. 5B4:). The wall of the blusto,«phere then begins to 

invaginate. After the completion of the inviiginiitioc the blaetosphere 

^_ betomen a gastmila, witli the remains of the seffmentation cavity 

^H|^weeu the ectoderm and entoderm (fig. 564. Fli). The mouth of the 

^^Rbtrula is at first wide, but soon becomes nanijwer and narrower, 

^^ until finally it beoome-s transformed into a small opening pla«*il on 

ttfl dorsal aurfjice at the hind end of the body. A fiat median gi'oove 

M the ectoderm appears along the doiwal side of the already bilaterally 

symmetrical embryo extending from the blastopore forwards. This 

groove, into the hind end of which the blastopore opens, is the first 

rudiment of the centi-al nervous system. It is known as the medullary 

groove. Its edges pi-oject and form the medullary folds which glow 

'■oimd and clo.-iB the narrow blastopore, and gradually fuse with one 

another from this point forwards in such a manner as to convert the 

giMove into a canal, the walls of which separate from the external 

©ctoderm and give rise to the central nervous system. This canal is 

fciiown as the medullary canal : behind it is fihwt off from the exterior, 

•^wt communicates with the cavity of the gastrala (arcbenteron) by 

w/jiy of the blastopore (fig. 564 c), whioh is how known as the 

*ienrenterio canal ; while in front it remains open for some time. 

-before these processes are completed two rows of the endoderm cells 

P»f that part of the gastric wall which immediately underlies the 
fceiiral tube become different fiom the i-emaining endoderm cells and 
give rise to the first rudiment of the notochord. The anterior part 
*if the archenteion only gives rise to the pharynx and intestine 
^fig, 564, e), while the posterior part furnishes the cell material not 
Cmly for the notochord, but also for the muscnlar system and the 
fclood corpuscles. It may accoi-dingly be asserted that the meso- 
iBfmal organs in the Ascidians arise from the entoderm, which is as 
B saying that the hinder half of the gastral siic has the value of 

In the further course of development the somewhat elongated 

IJihermdal body grows out at the posterior and inferior end, opposite 

o the blastopore and rather to the right,* into a taiMike prolonga- 

ixis of which is formed by the cells of the notochord (at thi= 

period arranged in a simple row), The neural canal is prolonged into 

* In A. iHaitmilUita, Bccordiog to KowBlevski, on the contrary, this growth 
'"1 place at tlie otber cnil towarils the Irft, anil therefora agrees wfth 
i Amphii'j'ti'. 



the tail dorsal to tlie notochord. The tai], thua developed, becomes 
beat and applies itiielf to the side of the bod; opposite to that on 
which the nervous system is placed (Fig. 5fi4e). Subsequently the 
skin begins to thickeu at the anterior end and gives rise to three 
papilhe, the future papiUie for attiuihmeiit. The rudiment of the 
nervous system, un which two pigment spots provided with refi'aotive 
organs make their appewaoce (eye and auditoiy organ, fig. 564e,y), 
is converted at its anterior extremity into a vesicle and is continued 
above the chorda into the tail (as a cord with a central canal) (A: 

The branchial sac, still dosed and formed of columnar epithelium, 
lies close to the neiTOus system ; it is separated from the ventral 
wall of the body by roundish uncoloured cells, which are pi-obably 
the formative elements of the blood and of the wall of the heart. It 
has at this period the position and relative size of the future pharynx 
and its posterior dorsal extremity grows out to form the, at first caxal, 
rudiment of the digestive canal (fig. 564 b, B), The mouth is formed 
from an invagination of ectoderm on the dorsal surface immediately 
in ironb of the anterior end of the cerebral vesicle (lig. 564 e, 0). 
The cloaca first appears as a pair of dorsally-placed epiblastic involu- 
tions (fig. 564 e, Kl) : these ingi'owths meet and fuse with the wall of 
the branchial sac so that two perforations ai'e formed. The embryo 
surrounded by the mantle (formed of gelatinous substance with 
amfeboid test-cells which have wandered into it) now breaks through 
the villous egg-membrane and passes into the stage of the free- 
swimming larva, which presents on the right side of the endostyle 
the first rudiments of the heart, and possesses all the organs of the 
later Aacidian except the vessels and the genei'ative glands : in its 
subsequent development, however, it has to go through a decidedly 
retrogressive metamorphosis. After the larva has attached itself by 
means of its papillte, the tail aborts, the muscles and notochordal 
sheath degenerate, and the axial string of the notochord contracts. 
The nervous system with the pigment organs degenerates, and the 
cavity in it disappears; the branchial sac, on the contrary, increases in 
Hute, and the (esophagus, stomach, and intestine proper become more 
sharply distinct. The mantle then becomes firm, the mouth opening 
perforates the gelatinous covering and becomes the entrance to the 
branchial sac ; behind the mouth the arch of cilia appears at the 
anterior end of the ventral furrow, which was formed at an earlier 
stage and gives rise to the endostyle. The opening to the ossophagus 
becomes funnel-shaped and more distinct. The first bianchial slits 
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soon become visible. The blood with its amoeboid corpuscles is 
already moving in the body cavity beneath the skin, and indeed on 
the branchial sac, through definite channels in the connective tissue, 
which connects the walls of the branchial sac with the skin. The 
water which flows through the slits of the branchial sac is collected 
in the peribranchial space the opening of which coincides with the 
cloacal opening. 

Asexual Reprodnotion. — In addition to the sexual reproduction, 
multiplication by means of budding plays an important part, particu- 
larly in the Sj^nascidicma. According to Krohn, Metschnikoff, and 
Kowalevski, an entodermal layer (arising in BotryUv^ from the cover- 
ing of the atrium) and mesodermal cells as well as the ectoderm take 
part in the formation of the buds. Many A.scidians, as Perophora 
and ClaveUina, produce stolons by budding, and from these new 
individuals are developed, but the latter are not united together 
into a compact system. Complex systems of buds are developed in 
the Synascidians, the individuals of which are embedded in a common 
cellulose mantle. In some cases the larva may form buds while it is 
still in the tailed stage (JHdemnvm). In BotryUus, a genus which 
is distinguished by the star-like grouping of the individuals round a 
common cloaca (fig. 561), and by the rich bi-anching of the blood 
canals, the larva is simple, and does not, as Sai-s believed, form a 
colony. Metschnikoff and Krohn, whose accounts agree, have both 
shown that the eight knob-like buds of the larva are only processes 
of the ectoderm and contain diverticula of blood spaces. The young 
BatryWa8 produces only one bud (first generation), and before the 
latter is mature perishes without attaining sexual maturity. The 
bad of the first generation produces two buds (second generation), 
and dies without reaching sexual maturity. The buds of the second 
generation each produce two buds, which arrange themselves in a 
circle, and after the death of their producers form the fii-st system 
with a common cloaca. In a similar manner new buds are formed, 
and the older generation dies; the new systems are, however, as 
transitory and are replaced by others, so that as the stock increases 
the old generations are continually being replaced by new. In this 
oontmuous process of renewal the first-foi-med generations have only 
the provisional value of establishing the colony. The later genei-ations 
alone become sexually mature, and the female maturity is attained 
before the male. The ova of the still young hermaphrodite gene- 
rations are fertilized by the sperm of the older ; and it is not until 
after the death of the latter that the testes of the former become 
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fully developed. The youiijj; geuei'atioiis, thei-efore, now have the 
double task of caiing for tiieir own already fei'tilized eggs und of 
fertilmng those of tlie succeeding generations. 

Order 1. — C'opelat*:* {Aseidiaus with larvaj tail). 

Bnuill fiee-swimming Aecidiana of long oval form, with swimming 
tail; they resemble in the whole of their organization the larvffi of 
other Ascidiana (fig. 563). The anus opens dii'ectly to the exterior 
on the ventral side. The phai'yngeal sac is pierced by only two 
brauchiiil slits. The heart lias two slits and uo vessels. The 
ovaries and t&^tes lie in the liiud part of the body, iilose to one 
another, and are without duets. The elongated cerebral ganglion is 
divided by constrictions into three parts ; it is connected with a 
ciliated pit and an otoKthic vesicle, and is pnalonged into a nei-ve- 
cord of considerable size. The latter is continued into the tail, at 
the base of which it swells out to a ganglion ; in its further course 
it forms several small ganglia, whence lateral nerves pass ont. In 
consequence of a torsion of the axis of the tail, the originally 
dorsally-plaeed caudal nerve comes to have a lateral position. The 
segmentation of the nerve-cord in the tail (as shown by the gang- 
lionic swellings) corresponds to the segmental divisions of the muscles, 
which recall the myotomes of Amp/iioxii». The large chorda (uro- 
chord), which extends along the whole length of the tail, constitutes 
another point of resemblance to Amphioxus. 

Some species have a pellucid gelatinous covering, comparable to 
a shell. The development of these small animals, which were 
foi'meily en'oneously held to be larvte, has been insufficiently 
investigated. 

Fam. Appendieulariflse. Uih'plevra Mertena (^Appendwularia, ClianL), Oi- 
rophofriva Gtgbr., Oi./nyi-ala Gegbr., Fritillai-ia Fol. The integument forms 
a bond-like redaplicatnre in frunt ; tlie tail one and a-lialf timea aa long as the 
elongated body ; the endostyle is cnrved. Fr, fitreata C. Vogt., Fr. furmicu 
Fol, KvmaUr/ikia Fol. Without heart and endoatyle. Rectum absent S. 



» Fol. ! 



This 



Order 2. — AsciDLfi sutPLiCEa.t 
>rder comprises solitary fowns aa well a.s branched stocks. 



• Cf. C. Gegenbaor, "Bemerkungen ubw die Organifation der Appendicu- 
larien." Zeitach. fvir mUi. Zoel, Tom. VI., 1865. 

H. Fol, " Etudes sur lee Appendiculaires dn d^tioit de Meseine." Mim. Sue. 
de PliBg. et u'MUt. Nat. de Qiitete, Tom. XXI., 1h72. 

t Cf. besides LacBae-Duthiers I.e., 0. Heller, " Untersuchangeu ilber di'' 
Tunicaten dee .\driatisGben Meere9, I., II., III.," Denkni'hr. der li. Akatl. 
'ler Witnmeh. Hm«, 1874-1877. 
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The latter, or social AflffldiaTis, are placed on branched root-processes, 
and have for a time, or permanently, a common circulation. The 
Moantle-parenchyma is usuaUy of transparent hyaline consistency. 
The body of the solitary Ascidians is far larger and is surrounded 
by a hard cartilaginous, very thick and usually completely opaque 
mantle, the surface of which often has wart-like protuberances and 
incrustations of various kinds (fig. 560). 

Fam. davdliudB. Social Ascidians, the stalked individuals of which arise 
from a common branched stolon, or on a common stem. The body is sometimes 
(^Qavell'tma) divided into thee regions, like that of the Polijclinid^t. Clarellina 
SaT. ; CI. lepadiforwU* Sav.. North Sea ; Perophora Li-tteri Wiepm., North Sea. 

Fam. ^T*"^*^— Solitary Ascidians, usually of considerable size. The 
individuals reproduce themselves, as it seem<s. only occasionally by budding, 
and are c(»nnected, when they are aggregated together, neither by a common 
mantle covering nor by bloodvessels. A*cidia L. (^Phallu^ia Sav.) : J, mam- 
mJIata Cuv., Mediterranean: A. (^Clond) XHttftinulix L.. etc.; Cynthia Sav.. 
C. papiUo§a Sav.. C. micntcosmujt Cuv.. Cltt'creuliii* Lac-Duth., Mediter- 
ranean. 

The deep-sea Ascidians are very remarkable aberrant fnrms. Hypohijthiux 
calcycodes Mos.. and Ortarnemht hythiut Mos. 

Order 3. — ^Ascidi^ cojiposit^e.'^'- 

Numerous individuals lie in a common mantle layer, and form 
soft, brightly-coloured colonies, which have a spongy or lobed form, 
and not unfrequently form crusts round foreign objects. 

In almost all cases the individuals are grouped in a definite number 
round a common cloaca (BotryUid(p\ so that round or star-shaped 
systems with central openings are formed in the colony (fig. 561). 
The body is sometimes simple and short, sometimes long and divided 
into two or three regions, and sends out branched processes contain- 
ing blood into the common mantle mass, so that the latter is per- 
meated bv vascular canals. 

Fam. BotxyllidflB. The viscera of the simple body, which is not divided xnUi 
thorax and abdomen, lie by the side of the respiratory cavity : without lobes 
round the inhalent opening. Betryllus MtiVafus, Pall. : B. riolaceit* Edw. 

Fam. IKdenmide. The viscera are for the most part placed behind the re- 
spiratory cavity, and the body is divide'l into two fjans, the thorax and abdo- 
men. IHdtmnitm Sav. ; D. coHdiduw Sav. : Z>. ttyliffrum Kow. 

Fam. PolyeUnids. The body of the individual is much elongated, and is 

* Besides Savigny. cf. M. Edwards. *• Observations sur les Ascidies com po- 
shes des c6tes de la Manche.'' Mem. Acad. *c.. Tom. XVIII.. Paris. 1^42. 

A. Giard. "Becherches sur les Svnascidies.*' Arrh. de Znol. txper.^ Tom. I., 
Pins, 1872. 

Kowalevski. "Ueber die Knospuiitr der Ascidien.'* Arch, fur mihr. Anat., 
Taf. X^1874. 



divided into thorax, abdomen, anil jjoatabdomen. The beart lies at the hinrt 
end of the body. Amarmium Edw. ; A prull/emm Edw. 

Ordei- i.— AsciDi^ salp^formes.* 
Free-swimming colonies, which float on the surface of the sea, and 
have in general the form of ft fir cone, hollowed out Uke a thimble. 
They are composed of numerous iniiividuals arranged in the common 
gelfttino-cartilaginous mass in a direction at right angles to the long 
axis of the colony. The iiihalent openings lie in irregular drclea on 
the external surface ; the exhalent openings open opposite to them 
into the space which serves as a common cloaca. The branchial sac 
is wide and latticed as in the Ascidians. The intestine and ovary ai-e 
compressed together, and lie in ft rounded prominence like a nucleus 




{fig. 665 a) ; near them is the heart,. The ovary brings only one 
ovum to maturity, which is surrounded by a saccular follicle with a 
long stalk. The stalk constitutes the oviduct, and opens into the 
cloacal cavity. The eye liesf on the ganglion. By the presence of 
the eye, as well as by the position of the two respu'fttory openings 
■and of the viscera, by the method of reproduction and the free 
locomotion, the PyrosoinifliB are allied to the Salps. 

Budding takes place by means of a stolon, which begins at the 
hind end of the endostyle, and contains an endodennal procesw of 



* Th. Hiudey, " Aiintomr and deTelopment of PvroBOma." Tratu, . 
I860, 

W. Keferstein und EhlerE, '■ ZooloRische Bciti-Sge." Leipzig, lefil. 

Kowalevdii, " Ueber die Entwickelimg^eschicbte der Pjrosomen." 
niir. Anatomii:. Tom. XI., 1876. 
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the latter (endostylic cone). Sexual reproduction and gemmation 
take place in the same individual. 

1^6 ^g develops within an ovarian sac into an embryo, which hns 
the form of a stunted Ascidian-like individual (cyathozooid)y and 
produces, by budding from a stolon, a group of four individuals 
{ascidiozoaids). The peculiar mode of origin of these individuals 
has been minutely described by Huxley and Kowalevski (fig. 565 b). 
The process of budding, by which the colony is increased, is no less 
complicated : it takes place on a germ-stock (stolo proU/eTf fig. 
565 a, St) placed behind the endostyle. Each commencing bud 
receives a prolongation of the foundation of the ovary,* as well as 
of the endoderm. 

The PyrasomidcB derive their name from the bright light whicli 
they emit. According to Panceri, this light proceeds from a paired 
group of cells in the region of the mouth. 

Fam. PyroBomidflB. These animals were discovered hy P6ron in the Atlantic 
Ocean, and were at first regarded as politary individuals. Pj/rosoma P6r. ; 
P. atlanticnm P6r. ; P. elegans and gifjantevm Lcs., from the Mediterranean. 



Glass n.— THALIAGEA.t 

Fre^swim/niing transparent Twaicata tcith ci/lindriad or cask- 
shaped body. The nia/ntle apertures are terminal, and at opposite 
ends of the body. The branchiae are band-slmped or lamellar, and the 
viscera a/re compressed together into a nucleus. 

The Thaliacea {^^, 566 a, b) are transparent, cylindrical or cask- 
shaped animals, of gelatino-cartilaginous consistency ; they are either 
solitary, or the individuals are united in chains (usually in double 
rows). They move on the surface of the sea by the rhythmically 
alternating contraction and dilatation of the branchial cavity. The 
two openings are placed at opposite ends of the body ; the mouth at 
the anterior end, the atrial at the posterior end, near the dorsal 

* [Generative blastema, or indifEerent tissue from which the reproductive 
organs of the parent were developed (Huxley).] 

t Compare Th. Huxley, " Observations upon the anatomy and physiology of 
Sal pa and Pyrosoma, together with remarks upon Doliolum and Appendicu- 
laria." Phil. Trans., London, 1851. 

R. Leuckart, "Zoologische Untersuchungen." Heft IT., Giessen. 1854. 

C. Gegenbaur, "Ueber den Entwickelungscyklus von Doliolum nehst 
Bemerkungen uber die Larven dieser Thiere." ZeitHchr. filr rviss. Zool,, 
Tom. VII. 

C. Grobben. "Doliolum und sein Generations wechsel, etc." Arheiteri aus 
dem Zool, Institute in Wien, Tom. IV., 1882. 



surface. The mouth has usually the form of a brotid ti-ansverse slit, 
bounded by movable lips, and leads into the large respiratory 
cavity, which consists of the pharyngeal cavity and the doiu*, and 
contains the lamellar or band-ahaped gill, extended from the dorsal 
Bnrface obhquely backwards and ventralwards. In Doliolum, the 
gill has the form of an oblique partition, which is pierced by two 
lateral rows of large transverse slits, through which the water flows 




Emtif HUtblyo ; Stp, ata\o prolifer. 

from the pharyngeal cavity into the cloacal chambei'. 
transverse slits are represented by one veiy large gill-slit on each 1 
side, so that the bianchial wall is reduced to a median band (the 
median part of the gill of Doliolum). The two arches of cilia which 
bound the entrance to the respiratory cavity, and tlie ventral endo- 
style (mucous gland) from whicb a ciliated groove leads to 1 
CESOphaguB, are placed in the wall of the pharyngeal cavity. 
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The digestive canal, bother vnTii the other viji««ra. ihe heart 
ind the genet^tive orguns. aiv doriely piicked together in a brightly- 
oloored m&ea, the nacleiu, nt the ventral side of the hind end of 

J body. The mantle in often thickened round the miclens so as 
o form a globular swelling. 

^ neiToiu ■ystem, th^? seiue organs, imd the oi^ani of loco- 
lodon, in con-espondeuee with th.? potter of free locomotion, present 
1 higher grade of development th»n in the Aacidians. The g&Dglion, 
ii its nnmerous nerves, lies above the point of attachment of the 
actual band, and att&ina a consideruble iiize. On the ganglion 
■' there i.^ n^aally (Salpa) a piriform or sphericaJ process, with ii horse- 
shoe-shaped brownish-red pigment spot and numerous rod-shaped 
structures, which prove beyond all donbt that this structure is an 
ere. In other cases (Doliolum) there is on the left side of the body 
un auditory vesicle connect«d with the ganglion by a long nerve. 
The median ciliated pit, too, is placed in the respiratory cavity in 
front of the ganglion. Peculiar sense organs, probably tactile in 
function, have been observed in D'ttudum in the lobes of the two 
mantle apertures and also on other parts of the external skin. These 
have the form of groups of ro«ndi.'>h cells into which nerves enter. 

Locomotion va effected by means of broad bands of muscles, which 
span tiie respiratory cavity like hoops, and by their contraction 
narrow it. Part of the water is thus driven out of the cloacal 
uperttire, and the body is propelled in the opposite ilirectiou. 

The reproductioiL of the Salps is alternately sexual and a.«exual. 
The solitary Salps are produced sesiially, the chains of Salps asexnally. 
The individuals of the chains of Salps are sexual animals, which 
form no stolon ; the solitary Salps only reproduce themselves asexually 
1:^ budding on a ventral ly-placed stolon. Since these two forms, 
which differ both in size and ishape, as well as in the course of their 
mnsenlar hands, and in certain features of the gills and viscera, 
alternate r^ularly in the developmental cycle of the species, the 
development represents an alternation of generations, which may 
even be still further complicated {Doluiluni), This alternation of 
solitary Salps and chains of Salps was discovered long before 
Steenstrup by the poet Cbamisso. 

The Salps which form the chain are hermaphrodite, but the two 
kinds of sexnal organs are neither developed nor ready to discharge 
^eir functions at the same time. Soon after birth the female 
organs attain maturity, while the testicular oieca are not developed 
till later, and produce the sperm still later. In Salpa the female 
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• BeaideB B. Leo<:ltart I.e. cnmpaTe Kowalei-aki, " Beitrap Knr Elitwickelnnga- 
geachichte der TuniPaten." "Kntwickelnng^eschiclite der Salpen." .VnrAr. lion 
der bdtu/l. 6e»elUie}i-der Whsenieh., Nr. 19, Giittin^n, IT.S. 

W. Saleoety, ■' Dcber die emhryonRle Kntwickelung'ipescbichte der Salpen," 
ZeUtahr.fitr wm«. Zml., Tom XXVII., 187fi. 

W. Salensfcy, "Ueber die Knospung der Salpen." UTi'i-pli. .Tnhrh., Tnm. III., 
1877. 
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and the mother, and this structure plays an important pai-t 
in the nourishment and growth of the embryo. In the further 
development of the organs, which agrees in its general fetitures with 
that of the Ascidians, the placenta becomes more sharply mai-ked off 
from the body of the embryo, at the posterior end of which a 
structure known as the eUeohlast — the equivalent of the notochord 
— ^makes its appearance (fig. 567 c). 

It is only after a relatively long period that the embryo is born as 
a small fully-developed Salpa^ which, however, still possesses the 
remains of the placenta and the elceoblast. 

This solitary ScUpa, which has been produced sexually, grows 
considerably during its free life, but always remains asexual, while 
by budding on its stolon it produces a number of individuals united 
together in chains. This stolon or germ-stock is a process of the 
body containing the rudiments of the most important organs. Its 
^»ntral cavity is traversed by a stream of blood, and on its walls 
the buds sprout out. In Salpa, as in the Ascidians, the stolon lies 
on the ventral side, and later enters into a special, open excavation of 
the body covering (p,g. 567 «). 

On account of the extraordinary fertility of the stolon several 
groups of buds of different ages are always present one behind the 
other ; they separate successively as independent chains. 

In Dcliolwnh the reproductive processes are much more complicated, 
for not only do the sexually produced young undergo a metamorphosis 
but a new series of generations is introduced into the life histor}\ 
The eggs are laid, and the larvae which issue fi-om them are provided 
with tails and resemble Ascidian larvae (fig. 568, e). They develop 
into asexual forms which differ from the sexual forms, and are pro- 
vided with a dorsal stolon (fig. 568 h, Std) ; the ventral stolon (stolon 
of Salpa) is rudimentary {Stv) (rosette-shaped organ). Two different 
kinds of buds are formed on this dorsal stolon, viz., median hvds and 
lateral hvds (Gegenbaur). The lateral buds have a slipper-like form, 
and are without the cloacal cavity ; they do not reproduce themselves, 
but are concerned with the nourishment of the asexual form. The 
latter as it increases in size loses its gills and alimentary canal, 
while its muscular system becomes powerfully developed. The 
median buds develop into individuals, which resemble the sexual 
animals except that they are without genital organs ; they therefore 
represent a second generation of asexual forms, which become free and 
produce the sexual generation from a ventral stolon. 



Order 1 .— Dbsmomyaria (Salp.e). 

TkaU-J^ of cylindrical, usually ,1oi>o-vent,..lly &.ttened form, ^vitH 

band-shaped muscular hoops and tliick m^mtle (tig. 5(.*)). Ihe 




anterior opening is furiiiRhed with a vaive-like Lip which can b 
down. Tiie gill reaches from the ganglion to the oral region, and ii 
consec[uence of the development of two large lateral branchial a 
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is reduced to a median band. The viscera are comprestjed together 
at the end of the ventral side and form the so-called nucleus. 
Solitary generations which reproduce themselves by means of stolons 
regularly alternate with sexual animals which are budded from the 
stolon and united in chains. The maturity of the female sexual 
organs precedes that of the male organs. The single egg develops into 
an embryo which is nourished within the brood-pouch of the viviparous 
mother by means of a placenta, and becomes a solitaiy Scdpa (asexual 
form) {^g, 567 c). 

Fam. SalpidsB. Salpa Forsk.. S. pinnata Forsk., S. (lemocratica Forsk,, 
S, mucranata Forsk. (chain form), Adriatic and Mediterranean. S. africana 
Forsk., S. maxima Foi-sk. (chain form), Adriatic and Mediterranean. 8, 
chordiformis Quoy. Gaim., S, zonar'm Pall, (chain form). 

Order 2. — Cyclomyabia. 
Body cask-shaped, mouth and atrial opening surrounded by lobes, 
with delicate mantle (fig. 568). The muscles are in the form of 
closed rings. The dorsal wall of the phar3n3geal cavity is formed by 
a • branchial lamella which is pierced by numerous slits, is placed 
obliquely or is bent and stretched far forwards (i>. denticulatum). 
The digestive canal is not compressed into a nucleus. The ovaries 
contain several eggs. The testes attain maturity simultaneously 
with the ovaries. In the first asexual generation there is a large 
auditory vesicle on the left side. The development takes place by 
means of a complicated alternation of generations. 

Fam. DoliolidflB. D, denticulatum Quoy, Gaim., the gill is bent and is 
pierced by about forty-five slits. D. MiUleri Krohn. The gill is straight, with 
ten to twelve slits on either side, Mediterranean. 



CHAPTEE IV. 

Vebtebrata.* 

BiUxteraUy symmetrical cmimals with an internal skeleton (vertebral 
colunm), of which dorsal processes {upper vertebral arches) enclose the 
nervous centres {brain and spiiial cord), amd ventral processes (ribs) 
the cavity in which the vegetative organs are enclosed. There are at 
•most two pairs of limbs. 

The various animals included in this gi'oup were first put together 

* Besides the works of Cuvier, F. Meckel and J. Miillei*. compare R. Owen, 
** On the anatomy of Vertebrates." Vol. I., 11., III., London, 1866-68. 

0. Gegenbaur, " Grundziige der ver^leichen-len Anatomic," 2 Autl. Leipzig, 1878. 

Th. H. Huxley, " A Manual of the Anatomy of vertebrated animals.' Londoi., 
187JL. 



by Aristotle, who called them '.' animals with blood " (vol. I,, p. 132) ; 
he also put forward the possession of a bony or cartilaginous 
akoletal axis as a commou characteristic. But it was Lamark who 
first recognised the pi-esence of a vertebral column tts the most 
important character, and introduced before Cuvier the name of 
Vertebrata into the science. This designation, however, in its strict 
significance, is only an expression for a definite grade of develop- 
ment of the skeleton, which ni.iy persist in its first uns^mented 
condition as the notochord {Ampkioanis, MyaAne). The most im 
portant chara^teriatica therefore of the Vertebrata, do not depend I 
upon the presence of internal vertebne and of a vertebral columji^ I 
but upon a oomhination of characters vrftia 
have to do with the general relationa o/ post J 
lion, fJie miUunl arrangement of the orgaa 
and the fiwde of embryonic development. 
may accordingly define the Vertebrata 
laterally symmetrical organisms with 
axial skeleton, on the dorsal side of whiob,H 
is placed the central nervous system (braiaj 
and spinal cord), while on its ventral s 
CASJj!^\j„-^ X il lie the alimentary caoal with its two open-J 
ings (oral and anal) and the rest of thS'l 
viscera and the heart ; the latter being placed 1 
on the ventral side of the alimentary canaL 
The Skeleton.— The presence of 
thrnngb tba shorda dmsaiis temal skeleton Is a character of great im-^ 
(a)rfiii8tarvaofBn,,.Wii.rifor pQi-trance. While in the Invertebrates the ' 
ohordal iheath ; fit, skoietoge- firm supporting structures are almost alw&ys 
nona yet , ,ip cor . produced by the hardening and segmenta- 
tion of the external skin, in the Vertebrates the relation of the 
hard to the soft parts of the body is reversed. The hard parts are 
placed in the axis of the body, and send out processes towards the 
dorsal and ventral surfaces, which constitute i-espectively a dorsal 
canal for the reception of the central nervous system (brain and 
spinal cord) and a ventral arch over the vascular trunks and the 
viscera. In the simplest and lowest Vertebrates the axial skeleton 
remains as an elastic cord — the notocfwrd {chorda dorealia), which in 
the higher Vertebrates is present in embryonic life and constitutes the 
first rudiment of the vertebral column (fig. 569). When the internal 

1 acquires a firmer consistency it, like the extei-nal skeleton J 
e Invertebrates, becomes segmented. This modification is intro-'f 





I 



iliiced by alterations in the notochordiil sheatb as well as in the 
hiirrouudmg skeletogenous sheath (fig. S70, ii). The hitter gives 
rise to cartilaginous or bony rings, which 
i-epresent the fi.i'st mdiments of the vertebral 
bodies. These rings constrict the notochor'l 
till they assume the form of biconcave viw- 
tilaginoiis or bony discs, and become connectoO 
with iTartilaginous or bony arches which ;iri' 
developed round the spinal cord and the 
perivisceral cavity (fig. 870 a, ft). Eiwli 
vertebra thei-efore consists of a princi|)!il 
median portion, the body of the vertebra <ii' 
centrum, whicli fi-eijuently ■■etains the re- 
mains of the notochord in its axis ; of ii 
dorsal or uearal ai'ch, and a vential or ha^uiid 
arch. The two limbs of the dorsal arch :\V'- 
odled nenrapophyses, those of the ventnd 
arch hsemapophyses, and tli^ unpaii'ed median 
proloiigiition of each arch is known as the 
Bpinoas process (tig. 570, J), !>), The trans- 
verse procesKes (plenrapopliygeB) which arise 
£1*001 difierent parts of the viirtebrie. either 
from the neuiul arches or from the centi-a, 
are not independent stracturey but merely ■*" 
proceaaea. The ribs, on the other hand, are 
independent latei'al bony or cai'tilaginous rods 
which are attached either to the hwmapophyses 
;) or to the pleurapophyaes, and embrace 
the part of the body cavity containing the 

Regions of the vertebral colmnn. — In the 
higher Vertebrates the primitive homonomous 
segmentation of the skeleton gives pla* 
a heteronomous segmentation which leads to 
the origin of a number of regions. In this 
point as in others there is a parallel between 
the segmented Invertebrates and Vertebi-ates. 
a the first place an anterior region or head '™° ' "' ""' 

ft always be distinguished from the posterior uniformly segmented 
region or trunk (fig. 571); and this division corresponds with the 
enlargement of the anterior part of the central nervous system to 



fiiih. Jir,Bodyo(vertBbr», 
oil, don^ flrch (jwurft- 




foiiQ the brain tmd with the iirst portion of the ulimeiitai'y canaii 
The canal formed by the neurul arnhes in here dilateii to form thi 
wanial capsule, on the yential side of which are placed cartilaginoui 
archew known as the yisceral arches, of which the anterioi' puir 
constitutes the mandibulai' apparatus!, is ^-med with teeth tmd 
surrounds the entrance to the ulimentary danal (tig. 571 ). 
The mandibular arch is followed by a number of archea whicl 
-sniTound the pharynx ; the fii'st of these is the hyoid arch and the 
rest ate the bi'auchial arches. 

The part of the body behind the head may l|e divided into two 
regions: (1) an anterior region — the trnnk proper — in which thft.', 
peritoneal or body cavity lined by the peritoneal membrane 
the vertebrse in this region bear ribs ; (2) a posterior region or tajl,. 




< 



in which thei-e in no body cavity, and the hwmapophyses unite witk J 
each other to enclose a canal (containing the cau<lal vessels). Thie,. 
the most simple form of segmentation of the trunk, is confined to tlL» J 
lower Vertebrates which propel themselves by the flexion and undu-^ 
Ifitory movements of the vertebral column, and, like the AnaelidB, liva J 
in water, in mud, or in the earth, or even creep after the nuuiner (rf J 
snakes on the surface of the eai'th. 

In the higber Vertebrates, however, in which, as in the Arthropods, j 
the function of locomotion is discharged by paired appendages, tlt& i1 
movements of the chief axis are reduced and in many regions are ■] 
altogether absent. In the Vertebrata there are only two pairs irf 1 
limbs, an anterior pair and a posterior paii-. In the lower Verte- ] 
brata tliey have the form of tins and play but a subordinate pa.rt itf 1 
locomotion. In such cases, therefore, the vertebi-al column retains J 
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its moljility and the unil'ormiiy of 
its pegmentation. It is unly in 
tbose cases in which the method 
of locomotion requires a gi-eater ex- 
penditure of force on the purt of 
the lirobs, and a firmer connection 
l.ietween them and the hmuI skeleton, 
and the limbs are more strongly 
developed, that the vertebral column 
is divided into successive I'egions, 
each of which is characterised by 



the special form 
composing it. 
Since the poster 



of the vertebra- 



■r limbs conatitule 



vthe chief support* of the body, and 
Kare the principal seat of the pro- 
Kpuldve jjower, their girdle is usually 
moveably fused with a region of 
! vertebral column, which is dis- 
■ tinguished by the lirm and rigid 
|€0nn6cti6& of its vertekrte (fig. S73). 
I This region, which is situated be- 
] tween the trank and the tail, is 
^ called the BftOral re^on, and is 
formed in the Amphibia by a single 
vertebra, in Reptilm by two, and in 
the higher Vertebrates by a number 
I of vertebriB, the transverse processes 
' of which are specially large and are 
I firmly united to the iliac bones of 
the pelvic girdle by mean§ of their 
' corresponding ribs {fig. 572, .S'). 
With the development of the an- 
terior limbs, and the need of h firmer 
cxinnectioD between them and the 
trunk, a more rigid region of the 
vertebral column makes it« appear- 
ance in the anterior part of the 
body. This region is known as the 
thoracio I'egion und it>^ vertebrn- as 
the thoracio or dorsal vertebne (fig. 




P, iiariotrtl bone ; P, (mnoa ; Tf, tym- 
paafu I Pf, patruflikl ; Mx, miuEilLai^' ; 
Jmt, inler-auuiUBi7 (pneiaaiillaiT) ; 
N, nuul ; !■<., vomer ; K.^dlo boro ; 
Ft, pleryrfi^U-i Se, peatoral pircUb; 
II. ijflvic girdle i S, weral Terie- 
bra ; R, rib* ; 1, hjoui arch (Zi), anil 
Imumhial unibes (£i) tf Uie some. 
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573, B). Its i-ibs are distiuguisheJ by their special length, aod i 
they are wiiuiected ventrally with a system of cartilaginous or J 
bony pieces (Btennim) placed in the middle line of the ventral 1 
body-wall. Between the head and thoi'scic region on the one hnnd, , 
and between the thoracic and sacnil region on the othev, there is | 
A region the veftebrie of which are more movable upon one another. , 
The region which connects the head with the thorax — the neck 1 
(cervical region) — is chai-acteriwed hy the greater freedot 
ment posseswed by ita vertebrse, on which the rudiments of ribs am- 1 
retained. The region between the thorax and sacrum — the lumbar ] 
region (fig-. 573, L) — is distinguished by the gi'eat si/e of it.-* trans* J 
perse processes, and at the same time by a greater mobility of itfl. i 
vertebra; which ai'e as a rule without ribs. 

Accordingly the trunk of the higher Vertebrates is divided into ' 
cerrioal, thoracic (dorsal), lumbar and saotal regions, which e 
foUowed by the oandal region (fig. 573, C). 

The limbs, which have perhaps been derived from latenvl folds al 
the skin or possibly from parts of the visceral arches, pra-ent very 
considerable differences in their form and function. They may have 1 
the form of legs and support the body as in terrestrial animals, or 
aerve for flight as the Yhnga of aerial animals, or they may be used in 
swimming, as the fins of aquatic animals. It can be shown; however, 
that in eveiy case they are composed of the same essential parts, 
the variation, suppression, and reduction of which determines the 
differences between them. 

Just as legs, wings, and fins are homologous organs, so the anterior ^ 
and posterior pairs of limbs seem to be repetitions of the i 
ai'i'angement. In both we can re^iognise the girdle for the c 
tion with the vertebral column, the shaft composed of long tubular 
bones and the terminal region. In tracing the development of the 
extremities Gegenbaur takes the skeleton of the fin of Ceralodus 
and of the Crosaopterygiana (aroMpterygiam) as his starting-point, 
from which, by the reduction of certain regions and the modification - 
of others, the limbs of the higher Vertebrates may be derived. The 
pectoral girdle, that is the girdle of the anterior pair of limbs, 
consis-te of three paii-ed pieces — the doi-sal shoulder-blade (scapula) 
and two ventral pieces placed one behind the other, known as the 
prEBcoraooid (with the olavicle) and the coracoid. The pelvic 
girdle, or gii-dle of the posterior limbs, corresponds %o the pectoral 1 
girdle, and is likewise composed of three paii'ed elements — a dorsal 
element attached to the sacrum and known as the ilium, and two 



ventnil elements which joiu iheu- felloi 

I AuA are knomi as the pubiB and 

I ischinni. The limbs are divided into 

three segments — the two prosimii! 

I of which are long and coutain long 

I hollow bones articulated together, 

the third segment heing shorter and 

terminal. These se^munfe are called 

braohinm, antebrachium und manus 

in the fore-limli; femur, oms and 

pea in the hind-limb. 

The proximal segments (i.e., the 

I braehiwm and femur) each oontain 

bone— the Immenis (B) and 

f femur (Fe) respectively. The middle 

Begments (i.e., antebiucbium and crus) 

each contain two bones — the radius 

ind ulna in the former (ff, U ), the 

tibia and fibula (T, F ) in the latter. 

The distal or temiinal segments {i.e.., 

mauus and pes) each contjiin a 

' large niunber of elements placed close 

together. These elements consist of 

two proximal rows of bones, known 

I the hand as the oarpua, and iu 

the foot ae the tarsus; of n middle 

■, known respectively us the meta- 

carpus and metatarsus : and of a ' 

number of distal bones known as the ' 

phalanges, and constituting the 

skeleton of the fingers and toes. 

"he skull varies considerably in 
I form and structure. When the ver- 
I tebral column is membranous and 
I cartilaginous, the skull likewise con- 
[ Msts of a continuous membrano -oir- 
. tilaginouB capsule, which in essential 
I points agrees with the embryonic 
rudiment of the cranium (primor- 
dial crauium) of the higher 
■ Vertebrates {tig. 571). Fi'om thw pi 



■X the middle ventral I 
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skull =^ is developed pai'tly by ossilications in the cartilaginous 
capaiOe or by ot.sifieations proceeding from the membranoufi peri- 
chondrium ; partly by the addititii! of membrane bones, which 
gradually supplant the cartilaginous parts. 

Segmentation of the sknll. — It is only when the cranial capsule is 
bony that any comparison can be instituted between the arrangement 
of the hard parts of the skull and that of the parts of a vertebra ; 
this comparison has led to the view that the skull is eorapoted of 
thi'ee or four vertebrw or segments. These are from behind forwards, 
the occipital, parietal, firontal and etlimoid segments. Each such 
segment, according to the vertebnd theory of (P. Fmiik) Gcethe and 




Oken, is supposed to consist of a basal part corresponding to the body 
of the vertebra, and of a neural arch formed of two lateral pieces and 
a median dorEal piece (spinous process) (fig. 574). According to this 
theory the basi-oooipital bone would coiTCHpond to the body of the 
vertebra, the two exocuipitals to the lateral pai-ts of the neural ai'ch, 
iind the supra- occipital to the dorsal mediiui parts or spioous 
process. The bones of the middle or pai-ietal region of the sknlt 
consist of a basal boue, the faasisplieiioid, two latei-al honeN, the 
alispIienoidB and two doi-sal bones, the parietals ; the two latter aw 
membrane bones, and complete the arch dorsally. The bonea of the 
■ C'limiMtre eapccially Heichert and Kolliker, Hiialej, Parker etc. 
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iLnterioi- or frautal i-egioii likewi^ consist of the bisal prEBSphenoid, 
the two lateral orbitosphenoids, and the two cloi-Ka! frontal hones, 
which are menibiune bones :iu(l complete the arch doratilly. 

The ethmoid tany be regarded its reprerienting the body of a fourth 
or anterior vertebra ; it is covered above by the nasal bones and 
below by the vomer. 

Finally, between these diliereut honea other hones are iiitercalateil, 
e.g.. the mastoid and petrosal between the uccipitHl and (iphenoidal. 

Reaently esfsentiu.1 objections to this vertehru.1 theory have been 
I'aised by Huxley and Oegenbaui' ; and thefe ol.jectioua have pi-oved 
fatal to tjie theory. According to Uegeiibaur, the skull is composed 




'bitospheuoid ; Pa, psrietal; FT, CronMl; 
af, irunttti einuB: Jto, nasBa ; v, tnri>iiiai: Ci, interior (nrbinaJi PI, plarj-Rnid i Pal, 
p^lbtiuQ; 1'p,VDiaer; Mx.iaisi^i Jfiif, inber-mAxi!La(pre-mkxllla). 

of a much greater number of segments corresponding to the primary 
viBceral arches, and the resemblances between the wanial bones, 
especially of the median and anterior regions jjf the skull, and the 
parts of a vertebra are entirely secondary. 

The rest of the hard pai-t^, which are more or less intimately 
connected with the &kull, consist of a number of arches lying one 
behind the other, and siuTOunding the enti'ance into the visceral 
cavity, 

The anterior of these — the maxillo- palatine apparatus^ — forma the 
facial region. In its simplest form it consists of two moveable pieces 
(palate -quadrate and lower jaw), which are attached by the hyomau- 
dibular (the dorsal element of the second ai'ch) to the auditory region 
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of the skull (tig. 571, IJ). The upper piece of the first aich, like- 
wise, is Bometimes more or lens firmly applied iilong its whole length 
to the sknll, and when osrihcation takes place it be<-omes divided on 
either side into an outer and inner series of pieces, the first including 
the JQ^, the maxilla, and preemaxilla, the latter the pterygoid and 
palatine (fig. 575). These series of bones form the upper jaw and 
the roof of the mouth. 

The lower jaw, which is priniitively a simple cartilaginous arch 
(Meckel's cartilage), also becomes replaced on either side by a 
number of bones (articulare, annulare, dentary, etc.), of which 
■ the dentary uauaUy bears teeth and is the largest. 

The TiBceral arches which follow the mandibular arch and are also 
connected with the skull are developed in the wall of the pharynx, 
to which they bear the same relation that the ribs do to the thoi'ax 
and body cavity. Tlie anteiior aich (hyoid arch), the upper portion 
of which in the lower Vertebrates seryee as the suspensorium of the 
jaw (hyomandibnlar), forms a support for the tongue, and the arch 
of each side meets a median basal piece (os linyuale). The latter is 
followed by a series of median unpaired bones {eopnlif), which connect 
the following arches (branchial arches). The branchial arches are most 
developed in the aquatic Vertebi-ates, in which they are separated ty 
the pharyngeal slits, and serve to bear the gills. In the e 
breathing Vertebrates they become more and more reduced, and I 
finally are only discernible in imperfect number as embiyonio struo- i 
tures. The remains of the whole apparatus form the body and • 
cornna of the hyoid hone. 

Integument.— The external skin of the Vertebrates is divided 
into two very distinct layei's, the epidermis externally and the cutia 
internaOy. The latter is principally composed of a fibrous connective 
tissue, with which muscular elements come into relation, without 
however forming a complete dermal -muscular envelope as in the ' 
Annelids. 

When the dermal mu.=cles have a considerable extension over large 
surfaces, they serve exclusively to move the skin and its manifold 
appendages, but are not used for the movements of the trunk, which 
are produced by a highly -developed muscular system suiTounding the 
skeleton. The cutis is continued into a deeper, tnoi'e or less looee 
layer, the subcutaneous connective tissue, but its more superficial 
part is tolerably compact, and contains not only various pigments, but 
also blood-vessels and nerves. At it« upper surface the cutis is raised 
into small conical papillte, which are covered by the epidermis and 
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are of importiince not only ae special sense orgnns (tactile organs), 
but iilso for the production of various hard struct.iireB (scules, teeth). 
The epidermis is composed of feveral layers of ceils, of which the 
npper and older Inyers are cast ofl^ while the lower layers {gtralwn 
Malpu/hi) are actively growing and serve as a matrix for the con- 
tinual renewal of the upper layers, and sometimes contain the 
cutaneous pigments. Some of the appendiiges of the skin are 
epidermal structures, in which 
caaa they arise as the result 
of peculiar and independent 
growths of the epidermis (hairs 
and feathers). Some are de- 
rived from ossilicatious of the 
dermal papillse which sometimes 
may even give rise to a hard 
and complete dermal armour 
(scales of Fishes and Reptiles, 
carapace of Aimadillos and 
TortoiKes). 

The central nervom syitem 
is placed in the dorsal cavity 
formed by the upper arches of 
the vertebriE ; it consists essen- 
tially of a cord— the spinal cord 
— -the anterior enlarged and 
more differentiated part of 
which is distinguished as the 
bruin. The spinal cord con- 
taioa a narrow central canal, 
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;li Ht end of sooond ias 
, FOTB-br^n; W*. mid- 
brain, where it widens out and 
forms the Tentrlclei of the 
brain. The brain and spinal " '' ■ ■ '^ ■ 

cord are, therefore, parts of the same organ. The brain seems 
to be the seat of the inteUectual faculties and the centia] organ of 
the sensory apparatuses ; while the spinal cord conducts the impulses 
to and from the brain, and in particular is the centre of reflex move- 
ments, but it hIso contains the centres of certain automatic actions. 
The mass of the brain and that of the spinal cord increase as might 
be expected, as the grade of life is higher. They increase, however, 
in an unequal i-atio, for the brain soon preponderates over the spinal 
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colli. The lower Vertebiut^s with cold blood have ii. I'elatively 
small tiraia, the maes of which is still considerably smaller than that 
of the spinal cord. In the warm-blooded Vertebrates, on the other 
hind, this proportion is reversed, and the more markedly, the higher 
the organisation and grade of life of the animal in question. 

The spinal nerves arise in pairs from the spinal eord each nei-ve 
hat- two nx)t'^ — a dorwl sensory loot aad a ventral motoi root They 
correspond in number with the \ertebrip, between which they pass 
out so that the spinal cord repeats m a geneial manner the oeg- 
mentfttinn of the \ertebral column 

In the briin the arrangement of tlie nerteg pienenta several com- 
phcations whith are further inci-easied by the origin of two senoory 
neiTes — the olfactory and optic In spite of the differences m form. 
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and structure presented by the brain, three principal regions whieb 
correspond to the three vesicles found in the embryo can always be 
distinguished (fig. 576). The anterior vesicle (fore-brain, fig. 576, Vh) 
corresponds to the cerebral hemispheres and the optic tkalami (fig. 577, ■ 
He, TkO), the middle vesicle (mid-brain, M7t) to the corpora giutdri- 
gemina (fig. 577, C Q), and the posterior vesicle (hind-brain, fig. 576, 
Hh) to the oerebellum, and mediiUa oidongata (fig. 577, Cb, MO). The ' 
anterior vesicle, however, is again divided into two pai-ts — an anterior 
bilobed part, which constitutes the cerebral hemispheres aiid'contains 
the lateral ventricles, and a posterior unpaired part which constitutes 
the so-called thalamencephalon with the thalami optic! and the parts 
surrounding the third ventricle (fig. 577). The third cerebiul vesicle 
is also di\'ided into two parts — anteriorly the cerebellum, and pos- 
teriorly the medulla oblongata. 
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The leiue orgaiu present the following arrangement. The antei-ior 
is the ol&ctoiy organ, which consists of a pit usually paired, excep- 
tioually unpaired (Cydostomes) ; the nerves which pass to these pits 
arise from the fore-brain and are often swollen at their origin into 
special lobes (olfactory lobes). In aquatic ftnimiils which breathe by 
gills the nasal cavity consists with rai-e exceptions {Myj^tie) of a 
blind sa«. In all lung-breathing Vertebmtes, on the contrary, it 
comniunicates with the cavity of the mouth by the nasal passiiges, 
and aerves for the entrance and exit of the pulmon:iry air. 

Next come the eyes with the optic nei-ves which arise fium the 



1 paired (for the 




thalamencephalon and mid-brain. They are alwa; 
structure of the eye vide 
p. 73, vol. L). In Am- 
phioxu» alone they are 
represented by an un- 
paired pigment spot placed ■ 
on the anteiior end of the t' 
central nervous system. 

The auditory organ, the 
nerve of which belongs to 
the hind- brain (probably 
derived from the sensory 
loot of a spinal-like cranial 
nerve), is entirely absent in 
AmjAioxug. In its simplest p^^ 
form it iti a membranous 
sac(membranous labyrinth) 

CMltaining fluid and OtO- lasena t Cr, cannlla reunipna ■ R, BquieduotnH vSBti- 

liths. The posterioi- part 

of this SBC is usually prolonged into three semi-circular canals, while 
the anterior part., which in many cases is separated as the gaecule, 
gives off a prolongation which forms the cochlea (fig. 578, S, C.). 

The sense of taate is located in the palate and the root of the 
tongue. The organs of taste consist of peculiarly- modified groups of 
epithelial cells (taste buds), and are supplied by a spinal like cerebral 
nerve (^gloaaopharyngeal). The general sensibility, which is distri- 
buted over the whole surface of the body, and the tactile sense are 
also connected with the terminations of the sensory libte^ of spinal 
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In addition to the cerebro-spinal ueivous system there is (except 
in Ati^ihioxua and the Gydoatomea) a special viscei-al nervous system 
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— the sympathetic. Tliis is formed by specinl liranthea of the spinal 
nerves and apinal-like cranial nerves, whicJi are connected with epecial 
ganglia and give off nervous plexnsea to the viscera (fig. 80). 

The organs of nourishment, circubifcion, and reproduction are ^ 
placed in the body cavity which extends beneath {venti'al to) the 
skeletal axis. The digestive oanal is a moi-e or less elongated tube | 
which in the region of the skuU is encircled by the visceral arches ; it , 
begins with the mouth and ends lyith the anus, which latter is placed i 
on the venti-ai surfiice at various distances from the hinder end of , 
the body (accoi-ding to the length of the caudal region of the verte— I 
bra! column). The alimentary canal is invested in the greater part < 
of its course by a fold of the peritoneum which lines the body cavity, 
and is fastened to the under surface of the vertebral column by the 
two lamelliB of this fold, which are closely applied to one another 
and form the mesentery. As a rule the alimentary canal is much 
longer than the distance between the mouth and anus, and therefore ' 
forms moi* or less numerous coils in the body cavi'y. 

The digestive canal is almost always divided into tbi'ce regions, the 
(Esophagus and stomach, the small intestine with liver and pancreas, 
and the large intestine. The cesophagua always begins with a buooal i 
cavity, on the floor of which a muscular fold, the tongue, projects. 
Although this organ, which is richly supplied with nerves, is in 
general rightly regarded as an organ, of tafite, it nevertheless plays a 
considerable part in the reception of the food, and may even in some i 
cases altogether lose its impoi'tance as an organ of taste. The buccal | 
cavity, except in Amphioxite and the Cyelostomeg, is enclosed by the 
skeletal ai-eh known as the mLisillo-palatine appai-atus and the lower 
jaw, of which the latter is always capable of powerful movements, 
while the parts of the former are either more or less firmly united 
together and attached to the bones of the skilU, or are capable of 
movement on the latter. The two jaws, unlike those of the Arthit>- I 
poda, work upon one another in the direction from below upwards. | 
They are usually furnished with teeth. The teeth are derived from J 
ossified papillie (dentme) of the mucous membrane of the moutJi <] 
(fig. 579), which are covered with an epidermal structure — the enamel; 
they are either directly fused with the bones of the jaw or inserted I 
into special alveoli in the latter. The teeth in the higher Tertebratea I 
are confined to the upper and lower jaws, but in the lower Vertebrates \ 
they may appear on all the bones which surround the buccal cavity. 
Teeth are, however, often altogether absent. In Birds and Tortoisat 
they are replaced by a homy covering of the sharp edges of the jaws J 
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(Iwak), anil cerbiiin lootlilesd Whales beav horny plates {the «i>ealk4 
whalebone) on their p^ilate. 

In almost aU eases the alimentary caiml ia pro-nded in its different 
regions with independent glands which mi* their secretion with its 
contents. In the cavity of the mouth the saliva, secreted by (i greater 
or less number of aalivaj-y glands is mingled with the food. In many 
aquatic animida these salivary glands may be reduced oi' he wholly 
absent. Into the first part of the small intestine the bile and the 
secretion of the panci-eHji, which is of great import.anee for the 
digestion of the food, ts iraured. The bile is secreted by the liver — 
a large ghind thixiugh which the venons lilood rettii-ning from the 
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I juices are absorbed is distinguished not only by its gi-eat length — 
is in fact this portion of the alimentary canal which is ariiinged 
in coils — but also by the presence of internal folds and papiUte 

I . which considerably increase the extent of absorbing surface. The 
terminal region (large intestine, rectum) of the digestive aiiial is 

I principally distinguished by its width and its pbwerful muscles. 

Special respiratory organs, as lungs or gilU, are always pi-esent. 
The gills usually consist of double rows of lancet-shaped lamellte, 
which are airanged on the sides of the phtirynx behind the mandibii- 
lar arch, and except in the C i/dontoine^ are borne by visceral iirches. 

I Between these arches there are always narrower or wider slit-liie 

I cpenings, which lead directly into the pharynx and allow the witter 
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which bathes the gilJs and serves for respiration to pass from the 
pharynx into the branchial cavity. On the external side the gills 
are often protected by a cutaneous fold or by an operculum, at the 
lower or posterior margin of which there is a long slit for the 
passage outwards of the water from the branchial cavity. The gills 
may, however, project as uncovered external appendages (external 
gills of Amphibians and Selachian embryos). 

In the lower Vertebrata lungs and gills may coexist in the same 
animal, and in fishes the lungs are- represented by a morphologically • 
equivalent organ — the swimming bladder. Lungs, however, in their 
more complete development are only found in the higher and for 
the most part warm-blooded Vertebrates. In their simplest form 
they appear as two sacs filled with air and opening by a common air 
passage (trachea) into the pharynx. The walls of the pulmonary 
sacs contain the respiratory capillaries ; their surface is usually 
increased by folds and projections which give them the appearance 
of a spongy organ or of an organ traversed by tubes. The two lungs 
often extend far into the body cavity, but in the higher Vertebrates 
they are confined to the anterior part of the latter which may be 
more or less completely separated off from the hinder part of the 
body cavity by a transverse partition — the diaphragm — and is then 
called the thoracic cavity. 

Aerial respiration also requires a continual change of the medium 
serving for respiration; the exchange of the used-up air saturated 
with carbonic acid gas for the atmospheric air rich in oxygen. This 
exchange is effected by various mechanical arrangements on which 
the so-called respiratory movements are dependent. These move- 
ments take place in all those Vertebrates which breathe by means of 
lungs, but are most complete in the Mammalia, in which they con- 
sist in alternating rhythmical contractions and dilatations of the 
thorax. 

. At the entrance of the trachea and in connection with the organs 
of respiration is the vocal organ (larynx), which is usually formed by 
a modification of the upper portion of the trachea. The larynx 
contains vocal chords, and opens into the pharynx by a narrow slit 
(glottis) which is usually capable of being closed by an epiglottis. 

The circulatory organs are in close relation with the respiratory 
organs. The vascular system is always closed and contains red blood 
(except in Amphioxus and the Leptocephalida, where the blood is 
white). The red colour of the blood, which was formerly held to be 
the essential character of blood (Aristotle), is due to the presence of an 
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euormous number of red blood corpuscles, which are Hat, disc-shaped 
globules, contain the colouring matter (hsemoglobin) and carry the 
oxygen to the tissues. In addition to the red blood-corpuscle.s 
there are small colourless cells in the blood — the amoeboid white 
blood-corpuscles (vol. i., fig. 19). 

Except in Amphioxus, in which the larger vascular trunks pulsate, 
a definite part of the vascular system Ls always developed to form a 
heart. The heart lies in the anterior part of the body cavity, and is 
primitively placed exactly in the middle line. It has a conical shape 
and is enclosed in a pericardium. The position of the principal 
vchBsels and their connection with the heart are in the simplest case 
as follows : A large artery — the dorsal aorta — runs along the verte- 
bral column and gives off numerous lateral branches, corresponding 
to the segmentation of the vertebral colimin, to the right and left. 
Beneath this there is in the caudal region, an unpaired vein — the 
caudal vein, — in the body cavity on the contrary a pair of veins — 
the inferior cardinal veins. These veins receive theii* blood from 
lateral venous branches which proceed directly from the capillary 
network of the at*terial branches. Another principal vein — the vena 
cava inferior — separated from the cardinal veins by the hepatic portal 
system, and connected with two superior cardinal veins, conveys the 
venous blood back to that portion of the heart which is known as the 
auricle. Prom the auricle the blood flows into the the muscular ven- 
tricle and is forced thence into an ascending artery [aorta a^scendena 
or cardiac aorta). The latter divides into lateral arterial arches which 
pass towards the dorsal side and rniite beneath the vertebral column 
to form the anterior part of the dorsal aorta {aorta desceiidens) 
(vol. i., fig. 57). 

This system of the aortic arches is, however, complicated in various 
ways by the insertion of the respiratory organs in the course of the 
circulation (compare vol. i., p. 63 et seq). 

In all Vertebrates there is a system of lymphatic vessels. The>e 
are a special part of the vascular system and contain a clear nutritive 
fluid (chyle and lymph) which is filled with colourless corpuscles 
(lymph corpuscles). They conduct the lymph (containing pla^stic 
materials for the renewal of the parts of the blood which have been 
consumed in metabolism) to the blood. The principal trunk of the 
lymphatic system (the thoracic duct) runs along the vertebral column 
and in the higher Vei'tebrates opens into the upper part of the vena 
cava superior. In the lower Vertebrates there are several communica- 
tions between the lymphatic and vascular systems. Special gland- 
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like organs — the s(w?alled vascular glands, spleen — are inserted into | 
the couVse of tlie lympliatii; vessels. 

Uiinary organs or kidneys ai'e genei-ally prement. They liave the I 
form of paired glands and lie beneath the verteliral column. The' 1 
first rudinientti of the kidneys appear in the fomi of organs reaeia. I 




bling the Begmental organs of Annelids. Feiit'Oneal invagin&tiottftl 
(urinary tubviles), whidi communicate with the body cavity by funnd-I 
shaped openings, come into connection with the primitive kidney-duol 
(archinephrie duct) which ia the fii-st part of the system to appear 
(compare vol, i., p. 76, fig. 71), The ducts of the kidneys — the vrelerg 
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— osuftlly unite to form an unpaired tei-oiimU Hectioii — the urethra, 
which, in TeUoatean* only, opeas behiml thu a.\ian; very often it opens 
into the cloaca, and in MAmmitlN almost itlwayii uiiitei^ with the 
termiiuil parts of the genital ducts to form a comiuou urogeuibtl c^nal. 
A vesicular reservoir — the ui'inaiy bladder — in often inserted into 
the Dourae of the efferent ducts. In lishes only doe« the IJiidder lie 
behind the intestine. 

Reprodnotioa is always sexu^il, luid separate seses ai-c the rule. 
A few fishes only 
(sipeoieB of Serranvs) 
Mre hermaphrodite. In 
male Amphibians how- 
ever traces of o^iries 
are found. 

Both kinds of sexual 
glands lie as paired 
organs in the body 
(Mvity, and send off 
paired dnots which in 
the lower Vertebrates 
open into the cloaca 
and often join to form b 
an unpaired canal. 
Sometimes indeed the 
ducts are absent and 
the genital products thio* 
fall into the body 
cavity and pass out 
thence to tiie exterior 
by a genital pore. The 
division of the genera- 
tive dncta into dif- 
ferent regions, and 
their connection with accessory glands and external copulatory 
apparatuses determines the great vai-iations in the structure of the 
generative organs which are most complicated in the Mamnmlia. 

In many Fishes and Amphibia copulation is confined to an 
external union of the two aexes, and the eggs are fei'tiliaed in 
the water. Most Fishes, many Amphibia and Reptiles, and all Birds 
lay their eggs. All the Mammalm are viviparous and their small 
ova undergo embryonic development in the feuuife genenitive ducts. 
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The development of the enjbiyo (tig. 580) begins witli ii toUil <jr 
partiiil (iliseuidal) segmentation. The first rudiment of the embryo 
is usually a germinal disc or blastoderm lying upon the yolk. From 
the posterior end of this disc the alimentary oivity is developed. A 
primitive streak which marks the long axis of the embryo ia developed 
by a thickening of the layers of the blastoderm. Two laterally placed 
longitudinal folds give rise to e.n ectodermal gi-oove — the medullaiy 
groove ot lirnt rudiment of the eentral nervous system — beneath 
which is plated tlie notochord which is developed from the endoderm •' 
(fig. 581). 

The nledlillary grooVft which is dilated anteriorly is closed by the ' 
growing together of its edges, and the tube so formed gives rise to 
the spinal cord and to the brain. Its lumen is for some time i 




comnmnication with the alimentary cavity by the neurenteric caa 
At the sides of the.'e structures the mesoderm extends in the form I 
of two bands, the median portions of which (protovertebi-al plates) 1 
become segmented in the course of the further development and I 
give ri-ie to the protoverteboe (figs. 576 and 582). The archinephrio 
duct is separated off at the boandary between the protovertebtss am 
the un8egment«d lateral plates of mesoblast, while the generativ 
glands arise nearer the median line from the peritoneum of the lateral | 
plates of mesoblast. While the dorsal pai't of the embryo is thns ' 
being formed the alimentary canal becomes further developed on 
ventral side of the blastoderm, and gradually absorbs the yolk, often 
leaving an external yolk sac. The young animEils only undergo 
a metamorphosis in the naked Amphibia and several Fishes. 

The division of the Vertebrat-a into the four classes of Fishe^ i 
Amphibia, Bird?, and MammaLs was first established by Linnans,' I 
though it had been already indicated in the system of Aristotle. 

The Fishes and Amphibia ai-e cold-blooded animals (i.e., animals j 
with a varying temperature) ; Aves and Mammals are wann-bloodei. j 
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(i.c., with a constant tempei-ature), and as they attain- a much 
higher grade of life they are distinguished as the higher Vertebi-jites. 
Recently the naked Amphibia have rightly been sepanited from the 
scaly animals or ReptUia, and together with the Fishes have been 
distinguished as lower Vertebi-ates, in distinction to the Reptiles, 
Birds, and Mammals, which have been classed as higher Vertebrates. 
Fishes and Amphibia have, in fact, many characters in common, and 
seem to be less sharply marked off from one another {Dipnoi) than 
are the Amphibia from the Reptilia, The two former groups not 
only resemble one another in the branchial respii-ation and in the 
frequent persistence of the notocord, but also in the simpler coui-se 
of the embryonic development and in the absence of the embryonic 
organs characteristic of the higher Vertebrates — the amnion and the 
allantois. On these grounds, and in consideration of tlie many 
relations between Reptiles and Birds, Huxley distinguishes three 
principal groups of Vertebrata — the Ichthyopsida (PLsces and Am- 
phibia), the Sanropsida (Reptilia and Aves), and the Mammalia. 
Among the Fishes there are certainly such wide differences of organi- 
sation that we are justified in dividing them into seveml classes. 
The Leptocardia might be separated not only from all tlie Fishes but 
also from all other classes of Vertebrates as Acraniata; also the 
Selachians^ the Cydoatonies and the Dipnoi might be regarded as 
separate classes if it were not more convenient to preserve the unity 
of the class Pisces. 



CHAPTER V. 

Class I.— PISCES.* 

Cold-blooded, generally scaly, aquatic animals loith impaired fins 
and paired pectoral and pelvic fins. They breathe exclusively by 
means of giUs, a/nd have a simple heart consisting of auricle and 
ventricle. They are trnthout anterior uHmiry bladder. 

The peculiarities which the structure and internal organisation of 
these a.Tiinnft.la present result in general from the requirements of their 

* Cuvier et Yalencieniies, "Histoire NaturcUe des Poissons." 22 Vols., 

Paris, 1828-49. 
Job. MttUer, " Verglcichende Anatomic dcr Myxinoiden. " Berlin, 1835-46. 
L. Agassiz, " Recherches sur les poissons fossiles." NeufchS.tel, 1833-44. 
Giinther, " Catalpgne of the fishes in the British Museum." London. 
C. E. V. Baer, " Entwickelungsgeschichte der Fische." Leipzig, 1835. 

VOL. II. ^ 
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aqimtic habits. Altliough tliei-e are in hU L-lasse^ of Vertebrjites 
fonns which move and live in water, yet nowhere is the whole organi- 
sation so completely adapted to an uquatic life as in Fishes. 

The body is in general spindle-shaped and more or leas compressed, 
but in details presentB numerous modifications. There are cylindrical, 
snake-like fishes {Lanipret/sj as well as fishes with a spherical, balloon- 
like form {G-ifmnodonta), Others are elongated and band-shaped, 
and others again ai^e very short, flat and unsym metrical (Plev/ro-ntetidie). 
Finallya dorsoventral flattening maylead to a flat discoidal forni{ffay»). 

Locomotion is effected mainly by lateral flexions of the vertebral 
column, which are caused by the powerful body muscles. The e£fect 
of these movements may be greatly increased by the unpaired doraal 
and ventral fins, which are capable of being elevated and depressed. 
The two piiirs of extremities — -the pectoral and pelvic fins — appear, 
on the contrary, to bo used more as radders to direct the course of 




Flo. 583.— Ji«a^iiBa«Jfi <rtgBa sniouil) 

the animal. The atinictui-e of the vertebral column, which is not 
dirided into many regions, corrresponds to the mode of locomotion. 
The head is dii-ectly attached to the trunk, and is usually rigidly 
connected with it. A moveable cervical region, which would he a 
hindrance in swimming, is completely absent. Tlie anterior part of 
the body is rigid, but behind it becomes more flexible and passes 
gradually into the the tail, the vertebrre of which permit of the most 
complete movements on one another, and which on that account 
constitutes the principal organ of locomotion. 

Fins. — The system of unpaired tins is developed from a median 
cutaneous fold of the embryo, extending over the back and tail 'as far 
as the anus. Subsequently this fold becomes broken up into paits, the 
definite impaii-ed tins. There are usually three such pai-ts, constituting 
the dorsal fin (pinna dornalia), the caudal fin {jiinna caudalh), and anal 
tin (pinna aimlis) {fig. 583). These ridges of skin are supported as 
a rule by firm rays — the fin-rays ;' in the Teleoateans eithei' by hard, 
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bony, pointed spines — the so-called spine-rays {Acimthopteri) — or by 
soft jointed rays (McLlcusopteri). The caudal fin is us a rule compased 
of a part of the dorsal and a part of the ventral fin-fold, but it vai-ies 
much in its form. When the dorsal and ventral lobes are symmetrical 
the caudal fin is said to be homooercal ; when the ventml lobe is the 
larger, in which case the caudal part of the vertebml cohimn is usually 
bent dorsalwards, the caudal fin is said to be heterocercal. It some- 
times happens, however, that while the caudal fin Ls externally homo- 
oercal the axial skeleton is bent dorsalwards so that the fin is 
internally heterocercal. 

The paired pectoral and pelvic fins con^espond to the antenor and 
posterior limbs of other Vertebrates. The former are attached to the 
head immediately behind the gills by means of an arched shouLlei-- 
girdle, while the two pelvic fins are approached to the middle line 
and placed further back, usually on the abdomen (ventral fins) ; 
sometimes, however, they lie between the pectoml fins (thoracic fins), 
and more rarely in front of the latter on the thi*oat (jugular fins). 

The integument of fishes is seldom completely naked {Cyclostomi). 
As a inile scales — ossifications of dermal papilla^ which are completely 
covered by epidermis — ^are embedded in it. The scales are often 
so small that they are hidden beneath the skin and seem to be 
completely absent (Eels). As a rule, however, they are pi-esent as firm, 
more or less flexible plates, which ai*e covered with a numbei' of 
concentric lines and radial stiiations and lie on one anothei* like 
slates on a roof. Scales may be distinguished according to the 
structure of their free edges as cycloid scales with smooth edges, and 
ctenoid scales with serrated edges. Scales, which overlap but little 
and ai-e generally rhomboidal, more i-arely cycloidal in shape, and 
have an outer layer of enamel, are called g^oid scales, while the 
term plaooid scale is applied to the small bony granules (composed 
pf enamel and dentine) of different shapes, which lend to the surface 
of the skin the appearance of shagreen (these are the primitive form 
of teeth). Agassiz divided the Fishes according to the shape of their 
scales into Cycloids^ Ctenoids, Ganoids, and Placoids, 

In the skin there are peculiar cutaneous canals communicating 
with the exterior by lateral rows of pores. These are called the 
lateral lines and were considered to be slime-secreting glands till 
Leydig* discovered that they contain a sense organ. 

♦ Compare Leydig, " Ueber das Organ eines scchsten Sinnes." Dresden, 1868 
Fr. E. ^k;hub!e, **Uebcr die Sinneaorgane der Scitenlinie bei Fischeu und 
Amphibien." Areli.fur miltrosk, Anatamie, Tom. VI., 1870. 
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In the Myxiiioids nxiAAci 



Acipeiiseridcij these organs have the foi 
short sues; in the Hays, Skates, and Chiinieraa they are simp 
which begin as aTOpnllte and extend also over the head in several 
rows. In the Tdeoatei tliei-e are branching tubes which pierce the 
scales of the lateial lines as pores, and are also present on the head in 
several rows (fig. 583). Nervea nm in the walla of these tubes and 
end in knob-like swellings. The epithelial covering of the latter 
contains in the centre short piriform cells, which at the free end ai* 
prolonged into a fine stiff hair, while at the base they p^s into a 
varicose process — the axis cylinder of a nerve fibre {fig. 584). 

The skeleton in its simplest form consists only of the notoehord 



(A,,,,,!, 



notoehord also 



1 persists in the Myxinoids, which 
possess a cartilagino- mem- 
branous cianial capsule. 
In the Petroinyxontidm* 
tliej'e appeal- for the first 
time, above the notoehord, 
cartilaginous neural arches, 
and similarly beneath it 
paired cartilaginous bands. 
Thesft ate the first radi- 
ments of the doi'sal and 
ventral vertebral arches. 
These vertebral arches are 
more perfect bi sturgeons 

io(«fli,i.[rowb), (•*«>""^'-). and ^ the 
- - - jouoR sea -cats (C/iimtEra), in 
which the notoehord pei-- 
asts, surrounded by a very compact connective-tissue sheatb. A 
differentiation of the asial skeleton into separate veitebne is first 
found in the Skates and Rays, where dorsal and ventral arches 
are united with annular portions of the notochordal sheath which 
become cartilaginous vertebral bodies. The notochoi'd is constricted 
by the growth of the latter in the centre of each vertebra, in such a 
r that biconcave (ampkiadous) vertebral bodies are formed, 




* Compare Joh, Miiller Lc, Keichert, " Ueber die VisceialbiSgcn im 
Allgemwnen, etc." Miilln's Archiv, 1837. 

A. KSUiker, "Ueber die Beaiehangen der Chorda doraalis znr Bildung der 
Wirbel der Selachier and einiger anderer Fieche." Wurahurg, 1866. 

C. Gegenhanr, " Ueber die Ertwickelnng der Wirbplpaiile des Lepidortens mit 
vergleicbenden anatomiechen Bemerknngen,'' Jrn. HatamUseiui-li. Zeit»ekr., 
Tom. II [. 
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the conical cavities of wliich contain a part of the wmaios of the 
iiotochord. The notocLord as ii I'lile persists also in the centre of 
the vertebiwl body as a thin coi-d {conneotjng the dilated inter- 
vertebnil portions, fig. 5T0 o). In the bony Ganoids and the 
Teleosteiins the biconeiiye* vertebi-al bodies are completely ossified 
imd fuse with the corresponding upper and lower bony arches, so na to 
form a complete vertebra. In some parte of the trunk ribs ai-e attached 
to the pieces of the ventral arches (bcemapophyses) which here diverge 
from one another; and there are often in addition ossifications of the 
iuter-muscular Ugamen ts. 

The structure of the skoll in Fishes presents a series of grades of 
development ctilminaliiig in the complicated skull of the Te/eostei. 
The priniordial akuU of the Cycloatomes ia the simplest. It consistjs 
u-tilagino-membrauous cranial capsule, in the hard basilar part 




uiga .n (after Wloile 

J S, B;mplecL.ic ; Pq, pulotoqiudnte ; UJ, h 
[ Jtl'i l>7otil bor.e ; F, TorameD for the vngns; Ji, dli8, 

K which the notochord ends. Two bony capsules — latei'al appendages 

7 the bony biiaOar region — enclose the auditory organ, while two 

pterior pieces are connected with the complicated apparatus of the 

ia.1 ajid palatal cartilages. The primordial skull of the Selachians 

(fig. 571) shows a further advance in development. It has the form 

of a simple cartilaginous capside which \n not further divided into 

larate pieces. The notochord ends in its base. In the sturgeon 

Ig. 585), there are bony pieces as well as the cartilaginous cranial 

iule. These consist of a fiat basilar bone — the paraaphenoid — and 

B system of dermal membrane bones. A true hony cranial JnveRt- 

8 first developed round the primordial ekull of the I>ip7ioi. In 

) bony akuUs of the Ganoidei and TeUostei there still remain 

mtinuoua portions of the primordial cartilaginous ciuniuin (Pike 



3t 

iind S,-i]iuoii). The remum.s of eartilage ure retjiined longest u 
ethmoid region [Silurus, Cyprinvs), while on the roof and base of tJ 
skull al] remains of cartilage are replaced, partlv by membrane bonaj 
and partly by the primarily ossafymg occipitals (basi- a: 
and petrosals (periotic) tis, well as by the absphenoids 

The posterior part of the skull is connucteJ with the veiiebi 
column without any special articulation (except in the Ka^s 




Fia, B§a.— CephaJio Bkelolon of Prrca JliLviaiilAt fcigne snioiBj). 0., auprEocdpital ; Ocx, 
BpiDtio ; Par. parietBl ; 89. Bquajnosnl (pt«roIlc) ; Fr, froncal ; Frp, posLfronlB] 
(apbenodc) ; i>rO. piDotic ,- Jb, olisplienoid ; Pi, pBi'ssphenoid ; EOti, median eChiDoid ; 
Xlkl, laiaml eUuoold. {pne-fcontaJ): Hm, liiDmandibBlai ; a, aj^plecUc; Q, ijnadraU; 
Mtp, metsptery^d ; Etip, endopt^rygoicl ; Ekp, ectnpbeiyffoid ; Pal. palatine ; Vo, 
vdmet! Jn.inlaniiaiiJlBjyCpreioaiilliirj'); Jfi, inlnilliuyj D, dentaiy , Jr, artioulBre ; 
^M. njLgnlare ; O^, operculum; i*Ojj, prff-Qperfiulmn ; SOp. BDb-operculuin ; JOp.inUif- 
opBrOQlmn J flj, hyoid arch; 3rt, TiraiichloBlegal raya; CI, duvdole; Sc, BcapuJa Car. 
coraeoid ; Sm, Bupraclartole ; Ac, flooesBorj bone. 

Chimtera), the os basilare having the conical depression and form of 
a vertebral body. Between the exoccipitala (which contain the fora- 
mina for the exit of the vagus and glosso-phaiyngeal nerves) and the 
supra- occipital, which is distinguished by a strong ridge, an epiotie 
bone (occipitale externum) is inserted on either side (fig. 586, Oex). 
Close to the epiotie bone is the opisthotic (Huxley), which varies 
greatly in size and form (being very large in Gadus and small in 
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JSsax), and the prootic (PrO), which surrounds the anterior semi- 
drcolar canal and is pierced for the exit of the trigeminal nerve. 
There is also an external bone, the squamosal (pterotic) (aS'^), to 
which the hyomandibular is articulated. The lower surface of the 
cranial capsule is covered by the long parasphenoid (Ps), The lateral 
walls of the skull are formed by two pairs of wing-like bones — 
the orbitosphenoids and the aUsphenoids (fig. 586). Of these the 
alisphenoids are applied to the sides of the parasphenoid, and are 
almost always discernible with their openings for the exit of the 
optic nerves and the orbital branch of the trigeminal. The two 
orbitosphenoids are often united on the floor of the skull so as to 
form a median bone, which, when the cranial cavity is reduced, 
may be represented by a cartilaginous or membranous septum. 

The roof of the skull is formed of bony plates, below which 
remains of the primordial cartilaginous cranium are only rarely 
retained. Close in front of the occipital are two parietal bones 
{Par), and in front of these again the great frontal bone (Pr), on 
each side of which is developed a post-frontal (PrP), which reaches 
to the squamosal (pterotic), and takes part in the articulation with 
the hyomandibular. 

In the ethmoid region there is in the prolongation of the base of 
the cranium an unpaired cartilage or bone, — the median or unpaired 
ethipoid. This is covered ventrally by the large vomer, which is 
attached to the parasphenoid. There are also two paii'ed lateral 
bones — ^the lateral ethmoids or prsefrontals — which are perforated by 
the olfactory nerves and form the supports of the nasal pits 
(nasal capsules). There are finally accessory membrane bones — the 
infra-orbital and supra-temporal — which protect the cranial (sensory) 
canals. 

A true maxillary apparatus appears for the first time in the 
Selachians and Sturgeons, where a hyomandibular attached to the 
auditory region serves to support the mandibular and hyoid arches 
(figs. 571 -S" and 585 ffm). The upper part of the mandibular arch 
(the palatoquadrate) is usually moveably attached to the skull by 
ligaments. In the Teleostei the mandibular suspensoriimi is divided 
into several parts, and the branchial operculum is attached to it. 
The upper part is formed of a hyomandibular, and two bones called 
by Cuvier the symplectic and tympanic (metapterygoid) ; the prse- 
opercidum forms the middle part, and finally the lower part, which 
bears the articulation of the lower jaw, is formed by the quadrate or 
quadrato-jugal. The flat osseous plates applied to the hinder edge 



of the pneoperculum oonatitnte the branchial opei-eiilum, and are \ 
distiuguished as opereuluia, suboperculiim, and mteroperculnni. A 
bone extending from the metapterygoid and quadrate to the upper 
jaw corresponds to the pterygoid, and ia, as a rule, formed of an 
external (ectopteiygoid) and an internal piece (endopteiygoid). Then 
come the palatine bone and the apparatus of the upper jaw, with 
the pneniaxilla (interiuasilla), which is placed rtt the front of the 
snout and is nanally moveable, and the very variable, UHoaliy tooth- 
leBS mtixilla. The two limbs of the lower jaw are only rarely fused 
together in the middle line, and are divided at least into a posterior ' 
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inferinr phnrjTijfeal bones (reflui 



lima]). Z^hyoid \ 



OS articulare and an anterior dentaiy ; there may, however, also be 1 
an angulare and an operculare. 

Behind the mandibular ai-eh there follows a system of equivalent 
arches aurronnding the pharyngeal cavity. Of these the anterioi- — 
the hyoid arch — bears on its outer edge a number of cai-tilaginoua 
rods, which serve to support the opercular membrane and are called ' 
the branchioategal rays (fig. 587, Rh), while the remaining arches ar« 
the branchial arches and sei-ve for the support of the branchial 
lamellsE (fig. 587). In the Teleosteans four (seldom three) arches i 
bear gills, while the posterior arch is reduced so that only its ventral ) 
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part (ceratobranchial) remaias and forms the so-called inferior 
pharyngeal bones (pharyngealia inferiora). The upper segments of 
the branchial arches, which ai'e applied to the base of the skull, are 
distinguished as the superior pharyngeal bones (pharyngobranchials 
OT pharyngealia superiora). 

Paired Fins.* The pectoral fins are in the Teleosteans attached to 
the skull by means of the shoulder girdle. In the cartilaginous 
fishes the shoulder girdle is a simple cartilaginous arch, which unites 
with that of the other side in the middle ventral line. In the 
cartilaginous Qanoids the shoulder-girdle is transitional between this 
primary form and the secondary form, which is characteristic of the 
Teleosteans (fig. 586), inasmuch as membrane bones (clavicle) are 
applied to the primary cartilaginous girdle. Ossifications also arise 
in the cartilage itself and give rise to bones known as the scapula 
and ooracoid, or the prsecoracoid. 

The skeleton of the fins, which is articulated to the shoulder- 
girdle, can be derived from the primitive form of fin known as 
the archipterygium, which still persists in Ceratodios as an axial row 
of cartilaginous pieces beset with jointed lateral rays (radii). 

The nervous Sjrstem (fig. 588) presents the lowest and simplest 
form found in any Vertebrate. In general the brain is small and 
consists of several swellings lying one behind another. Of these the 
small anteiior, as the lobi olfactorii, pass into the olfactory nerves. 
The larger anterior lobes correspond to the hemispheres, the median 
globular swellings to the lobe of the third ventricle with the corpora 
quadrigemina. From this part of the brain the optic nerves are 
given off anteriorly, while on its lower surface the inf undibulum, to 
which the pituitary body is attached, arises from the floor of the 
third ventricle. 

The posterior region coiTesponds to the cerebellum and the medulla 
oblongata. The cerebellum, which varies considerably in size and 
form, constitutes a transverse bridge, which covers the anterior part 
of the fourth ventricle. Lateral swellings — the so-called lobi pos- 
teriorea — are often developed in this region ; in the Sturgeons and 
Squalidae at the origin of the trigeminal nerve, as the lobi 7iervi 
trig&mini ; in Torpedo as the large lobi electrici, projecting over the 
fourth ventricle. 

A sepairate visceral {sympathetic) nervous system is absent in the 

* Compare C. Gegenbaur, " Untersachungen zur vergleichenden Anatomie 
der Wirbelthiere." 2 Heft, Leipzig, 1865. 

C. Gegenbaur, "Ueberdas Skelet der Gliedmassen." Jen, naturrcisg. Zeitsch,, 
Tom. V. 



Cydostomss alone, whpi-e it is represented by the vagus and by fibre 
of the spinal nerves. The spinal cord, the mass of which i 




mterlor part of the BpinXil cardajid SBrvea ol Heraaeiiii ;ru«u (aiUr 
Gegentwur). Tbe ueireti are dinancted nut an the right ulile; thu right eyeremoTed. 
A, Anterior oartly o( the staiU % Jf, naaaJ oapenle ; f*, fore-brain {oerelwal hemiapherra) ; 
JO, mifl-bmin {oplio lobeBjj Cr. cerebtllumi JUo, mednUa oblonfvala; -So, oUaatDiy 
bnlb: Ir, trochlear dsttb (fburth uerre); TV, Bist (ophtbnlm^c) branch of the trigeminal 
or fifth; a. tenninal hranclies of the Bame hi the ettimoiil reHion ^ IV, seoond branch ; 
3V", tJiinl branch! .Fa, fadal <BBT6nEh); Op, RlosaopliBryngeal (ninth) j Tj, vagUB 
Uenthl J L, lataral branch of vagaa (to hitoral line) ; J, intcBtinal branih ( 0«, soperior 
obllqnB muscle ef eye : Si, inlemsl rectns mnarle i Se, external reotos : St, anperlor 
rectuai S, spiracla; Pg, palatcqaadrata l ^n, hyomandibalar ; M, branchial rafa; 



siderably greater than that of the brain, extends tolerably uniformly 
throughout the whole length of the neuiaj canal, and usually does 
not form a so-called eauda equina. Karely its upper part pi-esenta 
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paired or unpaired swellings (Triyla, Ortluiyoriscus) at the oiigin of 
the spinal nerves. 

The eyes are seldom hidden beneath the skin and the muscles 
(^Myxine, Petromyzon, Amhlyopsis), In Aniphioxua they are lepre- 
sented by a pigment spot lying directly on the central nei-vous 
system. In all other fishes they are characterised by possessing 
a fiat cornea and a large, almost spherical crystalline lens, the 
anterior surface of which projects far out of the pupil (tig. 589). As 
peculiar structures of the eyes of fishes are further to be mentioned 
the so-called choroideal gland — ^a vascular body (rete mirabile) usually 
projecting at the entrance of the optic nerve, as well as a fold of 
the choroid known as the processus fcUdforrais, which travei-ses the 
retina, and the campanula HaUeri which is attached to the lens. 

The auditory Ol^^ * (absent only in Amphioxus) consists only of 
the labyrinth (fig. 578, /), and in Teleosteans, 
Ganoids, and Chimcera lies partly in the cranial 
cavity, surroimded by fatty tissue. It is worthy 
of notice that in Cyprinoidce Characince, Siluridce, 
and others, the labyrinth is connected with the 
swimming bladder by a chain of small bones. 

The ol£EU)tory organ in Amphioxus consists of 
a simple unsymmetrical pit at the anterior end 
of the nervous centre. In C yclostomes also it Fig. ohO. - Horizontal 

. . . . section through the 

consists of a sunple tube, with an unpaired median eye of E^ox ludw. 
openin£r. All other fishes possess double, and Co, comea; i, lenp; 

'^ , , . -P/. processus falci- 

indeed with the exception of the Dipnoi blindly- formis; ch, cam- 
dosed nasal cavities, the internal surface of which p^.^^^ ^'^"^^ ' ^S' 

' optic nerve ; Sc, 

is considerably increased by folds of the mucous ossifications of the 

-, sclerotic. 

membrane. 

The sense of taste seems to be less developed. It is located in 
the buccal cavity, and especially in the richly innervated part of the 
soft palate. For the tactile sense, lips and their appendages — the 
frequently appearing barbules — probably serve. Certain isolated 
rays of the ventral fin may also, on account of their rich nerve 
supply, be regarded as tactile organs (Trigla). The nervous organs 
of the so-called mucous canals, which we have before mentioned, 
constitute an organ of a special sense. 

* Compare E. H. Weber, " De aure et auditu hominis et animalium.'* P. I., 
" De aure am'malimn aqnatUinm." Lipsise, 1820. 

C. Hasse, " Anatomische Studien." Heft 3 : " Das Gehororgan der Fische." 
Leipzig, 1872. 
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The eleotrical organs* may be mentiaiied ai^ a peripheral appendage 
of the nervous syatem {Torpedo, Gynmotua, Malaptentrus, Mor- 
■myrua). They ai* nervous apparatuses which in the arrangement of 
their partis uwy he compared to a Voltaic pile. They develop elec- 
tricity, and give electrical discharges when their opposite poles are 




connected. In Torpedo these c 



e situated (iig. 690) betwet 



• Compare Sari, " Rechejchea aoatomiqneB snr le sjstume nerveus et sor 
I'organe ^leetrique da la torpjlle." Paris, 1844. 

Bilharz, "Das eiektrlache Organ dea Zitterwelsea." Leipnig, 1867. 
■Max Schultie, "Zur Kenntnies des elektrischen Organs der Fische." 1, 2, 
Halle, 1858 and 18159. 

Max Scliultze, "Zur KenntniBB des den elektrigclien Organcn verwandten 
ScbwaOEOr^uet van Baja clavata." lHuUer'a AreMv, I8uS. 

Sachs, " Uiitoreucbungen am Zitteraal." Leipzig, 1881. 
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the branchial pouches and the anterior cartilages of tlie pectoi'al 
fins, and contdat of a number of perpendicular cohimns eiieloseil by 
walls of connective tissue. The columns are divided by a great 
number of membranous transverse partitions into a series of com- 
partments placed one above another. Each of the latter containH a 
layer of gelatinous tissue, and a finely granular plate containing 
nerve endings and large nuclei {electrical pUite). The latter corre- 
sponds in a certain degree to the copper and zinc elements of the 
Voltaic pile, the former to the moist intermediate layers ; while the 
connective tissue framework seems to serve only to can^y the nei'ves 
and blood-vessels. Each transverse partition contains a i-ich network 
of nerves, which is distributed on the electrical plates. The face on 
which the nerves ramify is the same inSall tlie columns of the same 
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organ, and is always electro-negative, the opposite free surface 
being positive. In Maiapterwmg, the other surface of the plate (the 
posterior surface) on which the nerves enter is electro -positive, but 
this apparent exception is explained by the fact that the neri'es pass 
through the plate and are distributed on the anterior surface, which 
is electro- negative. In the electric Eel {Gymnotus declricufi) the 
electric organ lies at the side of the tail and consists of long hoiizon- 
tal columns^ in Malaplerurua it lies along the body beneath the sldn. 
Similar organs in Mormyrus are distinguished as pseudelectiic organs, 
since although they have a similar structure, they give rise to no 
dectric phenomena. 

The di^stiT« oifisna vary much in structure. Tlie mouth, which 
is placed at the anterior end of the head, usually has the form of a 
transverse aUt, and can sometimes be extended forward by means of 
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the niovealjle supporting bones of tlie upper aud lower jai 
(Zairindea.). Tiie buccal cftvity i-s distinguialied by its width, and 
by the greiit number of teeth it contains, which are developed from 
the papillie of the inacous membi-ane by dentinal a-wifleation. There 
are often two curved pai'allel rows of teeth on the upper jaw; an a 
outer i-ow on the premaxilla, and an inner row on the palatine, au^l 
thew) may also be a median unpaired row on the vomer. On tho'^ 
lower jaw there is only one carved rovt of teeth. There may also bo 
teeth on the hyoid arch and on the upper jaw (maxillte) and para- 
sphenoid, and, as a rule, on the branchial arches also, especially on 
the uppei and lower pharyngeal bonefi. The teeth are distinguished ■ 
Bccoi'ding to their shape into pointed conical prehensile teeth ands 
grinding teetli. 
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ncreasing the extent of the secreting surface of the alimentary canaL .1 
The intestine is usually several times coiled, and its internal surface J 
' s reraai'kable for the longitudinal folds of the mucous mem- 
iraue ; villi aiioh as are found in the higher Vertebrates are only rarely 1 
ivesent ; but in the Selachians, Ganoids, and Dipnoi there is a peculiar I 
spirally-coiled longitudinal fold— the so-called spiral valve^which [ 
contributes essentially to the enlargement of the absorbent surfaces, j 
A rectum is not always clearly markeil off, and when present is 1 
always short, and in the Sdach'uins it is furnished with a a 
appendage. The anus is. usually situated far back, and is always 
ventral ami in front of the urinary and generative openings. In 
fishes with jugular fins, and in some Teleosteans without rentral 
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fins, it is gitaated very fat forward, and may even be on the 

Salivary glands are absent in Fishes, but tliere is a large liver 
vhich is rich in fat and Ib ueually provided with a gall-bladder; 
there is also usually a pancreas, which is by no means replaced by the 
pyloric appetndages as was formeriy believed. 

In many fishes the gwimniing hlodder, an organ which by its mode 
of origin corresponds to the lungs, is developed as a divei'ticiilum of 
the alimentary canal. It is almost always an unpaired sa« filled 
with air and placed on the ventral side of the vertebral column, 
dor^ to the alimentary canal : it is sometimes closed and sometimes 
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communicates by an air tube — the pneumatic duct — with the 
interior of the alimentary canal {Phyaoatomi) (fig. 591 Vn). Its walls 
are formed of an external elastic membrane which is sometimes 
invested with muscles, and an internal mucons membrane. Glandular 
stractnreB are sometimes present in the internal coat, and these 
may exert an influence on the enclosed air. The internal surface is 
usually smooth, but sometimes is provided with reticulated pro- 
jections which lead to the origin of cellular cavities (Ganoidei), 
Physiologically the swimming bladder is a hydrostatic apparatus, 
the function of which seems to consist essentially in rendering the 
specific weight of the fish variable, and in faciUtating the rapid change 
in the position of the centre of gravity. The fact that many fishes 
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whii^h Hwim very well are without the swimming bladdei' is by no 
means favourable to the interpretation of its function. When it is 
present the fish must have the power of compi'essing it, pai'tly by the 
nmsdes in its walls and partly by the muscles of the body, and thus 
rendeiing the body specifically heavier so that it sinks. When tin 
compression, of the museles is removed the couipreased air w: 
eipand, the specific gravity diminish and the fish irill rise, 
pressure is unequal on the anterior and posterior parts then ti 
halt of the fish which is rendered specifically heavier will 
Still more complicated relations, however, seem to exist according 
the investigations of Bergmann.* 

BeBpiration is in ail caaes effected by gills. 
In the Ci/dosloiiies (fig. 592) which have no visceral ai'ches th( 
are six or seven pairs of brand 
jiouches. These open into the 
phagus either by internal brand 
passages ov {Petrom yzim) by 

I canal which receives all the 
V branchial passages. The water 
expelled through exteraal branchial 
wusageE round which a network 
/ cartilaginous rods is de 

In the Plagwslomes {fig. 593 
there are saccular spaces 
of which are supported 
tilaginous rods. These branchial' 
sacs communicate with the exterior 
by latei'al openings and contain the 
hmnchia! leaflets which are attached to their walls: they are separated 
from one another by partition walls which are placed between the 
two "rows of leaflets of each arch, and they are supported by 
external framework of cartilaginous I'od.s. In the Selachians thecM 
are, as a.rule, five pairs of branchial sacs, of which the last has a : 
of leaflets on its anterior wall only, i.e.., on the posterior side of 
fourth true branchial arch ; while the first pouch has, in additioii. 
to the anterior gill of the first branchial arch, a gill 
hyoid arch corresponding to the accessory gill of Chimera and the-' 
Ganoidci. The mandibular arch, however, sonietimes bears a 
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i-emnant. of a. giU^the paeuilabraneli of the spinicle — tlie vessels of 
which beloDg to the Bi-terial circuliition and form a pete minibile. 

In the Teleosteans (fig. 5d:i h) and the Gauoida the lanoet-ahaped 
lamellffl are arraiiged in ilouble fowb 
on the four visceral arches which func- 
tion as bj'anchinl arches, and tfiey foi-m 
four coinl>-8haped gills on either side. 
These gills He in a spaciouw branchial 
cavity covered by the braiiehial oper- 
culnm and the branchial membmrie. 
There is, however, an neee-ssory gill on 
the inner aide of the bi-anchial oper- 
culum; this in many Ganoida and 
Ohinuera functions as a gill, but in 
the Teleosteans ban lost its rospiratoiy 
funetion, and in then known as the 
pseudobi'anch of the operculum or of 
the hyoid arch. 

External gills projecting from the 
slits of the bronchial pouches are found 
only in the embryos of the Pliufiostomes. 
Rudiments of external gills are found 
in Rhinooryplis annecteiu. 

Knally the secondary cavities, which 
are sometimes found annexed to tlie 
branchial cavity and increase the re- 
spiratory surfaces by the development 
of a capillary network, must be regarded 
asaccessory organs of respiration. They 
consist either of labyrinthine cavities 
in the superior pharyngeal bones (tig. 
604) or of saccular appendages of the 
:. ^iranchial cavity {Saccobranehiis, Ain- 
EjjAywMiMs). Ti-ue lungs derived from 
r the swimming bladder, with internal 
Loellular space:', a short air-tnbe and 
l.^lottis-like opening into the pharyns, 
l<are only found in the Dipnoi (according 
to Hyrtl the swimming bladder of O-i/mnarehue is alfto a lung). 

Vascnlar system. — The blood is generally I'ed ; it ia white only 
I Ampkio,viiJi and the Leptocephalldts ; it circulates i 
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vaacular system, in which, 
region oi' heart iy present. 



Kcept in Amphioxiu, a muscular piilsati 
The heart (tig. 595) is pliioed far forwai 
the throiit, ventnil to the branchial framework, and is enclosed 
in a pericnrdium, the cavity of which communicates with the hody 
cavity in some Plagioatomts, Ckim/era, Acipeiiser, etc. It is a simple 
venous branchiaJ heart, and is composed of a thin-walled large 
auricle and s, veiy powerful muscular ventricle. The auricle receives 
the venous blood returning from the body, and the ventiicle forces it 
IhiBUgh Ka ascending norta to the I'espiratory organs. The aorta 
begins with a bulbous swelling {hdhua arterioauB), which in the 
Qanoidt, Plagiostomis, and Dipnoi is replaced by an independently 
pulsating part of the heart with rows of semi-lunar valves {eonua 
arteriogtM). While the fishes with a simple non-muscular bxiihne 
arteriosus have but two semi-lunar valves at its origin, the above 
mentioned orders usually have two to four, or rarely five rows of 
three, four or more valves each in the conus arteriosus. The aorta 
at once divides into a number of paired vascular arches corresponding 
to the embryonic aortic arches. These are the branchial arteiiea ; 
they pass into the branchial arches and give off branches to form the 
capillary networks of the gills. From the capillary networks small 
vessels pass out which unite to form a larger branchial vein in each 
branchial arch (epibmnchial artery). The arrangement of these 
veins corresponds to that of the branchial arteries ; they unite to 
form the large aorta descendens or dorsal aorta. Before they unite 
the cephalic arteries pass o£F fiwrn the epihranchial arteries of the 
anterior arch. The arrangement of the principal venous trunks in 
fishes is moat nearly related to the embryonic condition. Correspond- 
ing to the four cardinal veins of the embryo, two anterior and two 
posterior vertebral* veins {jugular and cardinal veins) bring baok 
the hlood fi-om the anterior and posterior part of the body re 
spectively. Tliese veins unite on each side to form two transverse 
veins — the ductus Cuvieri — which enter the sinus venosus of the 
heart. The course of the returning venous blood is complicated by 
the insertion of a double portal circulation. The caudal vein passes 
directly into the posterior cardinal veins only in Cyclostomes and 
Selachians: in all other fishes there is a renal-portal circulation, in 
that the caudal vein breaks up into capillaries in the kidneys, from 
which the blood passes into the posterior cardinal veins. For the 
hepatic portal circulation on the other hand the venous hlood of the 



* Often called the anterioT and poaterior cardiuol 
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r intestine is used ; this blood u,fter passing thi-otigh the capillai 
tLe liver la returned to the heart by one or more veins whiuh c 
respond to the inferior vena cuvhi and open into the a 
between the two ductus Guvieri. Such capillary sy&tetna muat be a. 
conisiderahle hindmnce to the circulation of the blood and explain 
the development of the so-called accessory hearts on the caudal i 
a! the eel iind on the poi'tal vein of Myxine, 

»The Tiriuary organs of Fishes (fig, 596) eonsiet of paii'ed kidneys 
extending along the luickbone from the head 
to the end of the body cavity, and giving off 
two uretei-s which unite into a common duct 
tm which a bladder is usually developed. The 
urinary bladder and its duct always lie he- 
bind the intestinal canal. In most Teleu- 
ateans the efl'erent dnct of tlie blailder opens 
by a common orifice with the sexual opening, 

tor on a special papilla hehint) the sexual 
tipening. In the Plagiostome« and Dipnoi 
An the other hand a cloaca is developed ; in 
the former the ureters and the generative 
ducts open into the (iilated terminal part of 
Uie intestine — i.e., the cloaca^behind the 
Tectum ; while in the latter the ureters open 
into the cloaca lieparately on each side. 

Oeaerative organs. — Excepting in certain 
fonns, such as Serranus and Chrygophrys, 
which are hermaphrodite (also some carps), 
iTisbee ore of separate sexes ; the two sexes 
often present more (Jfncroporfwa) or less /arfo (nftor Hyrti). 
{Timea, Cohitii) considerable sexual differ- 
ences. The male and female reproductive 
organs (fig. 591) often resemble one another ' '' 

so closely in form and position that it is necessary to investigate their 
contents in order to distinguish the sex, especially as externul s 
differences are frequently absent. 

The ovaries are paired (in Vtie Myadnoida i\\s SqiialidiK, and certain 
Teleosteans, as Pefoi, Blenniua, Gohitis, they are impaired) elongated 
sacs, which lie ventral to the kidneys at the sides of the intestine and 
the liver. The ova originate on the internal transversely folded 
walls of the ovarieM in closed folhcles in which they receive a thick 
eug-capaule (with pores and micropyle), and escape thence into the 
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Cttvity of the Mac which l>ecoiiies gi'Ciitiy swollen at tlie lireeiliiig 
time. The testes on the other hanij are, except in the Vydastamet, 
paii'ei.l, and they are composed of transverse cimals or vesicvilar 
cavities. 

In the simplest case the testes and ovaries have no speeiiil ducts, 
but the genital pi-oducts are dehisced from the wall of the gland 
into the body cavity, whence they pass out to the exterior through a, 
genital pore situated behind the anus (in C'yolostomes, Eels, and 
female Salmon). Ah a rule, however, generative dnots ai-e present ; 
they may either be direct piwlongations of the genital glands as in the 
Teleostenns, or as in the Ganoids, female Plagiostomes and Dipnoi 
independent canals which begin with a free fuuuel-shaped opening 
into the body cavity {Mullerian ducts). In the Teleosteaiis the two 
oviducts as well as the vaaa defei«ntia unite to form nn unpaired 
duct which opens to the exterior on the urogenital papilla between the 
openings of the anus and the ui'inary duct ; in the (Janoids, on the 
other hand, as well as in the Plagiostomes and the Dipnoi a common 
cloaca is formed. Accessory external copulatory organs are only 
found in the male Plagiostomes, in the form of long gitmved 
cartilaginous appendages of the' ventral fins. 

Moat fishes are ovipaiwun : only a few Teleosteans, as Anahlepg, 
Zoarcea, the Oyprinodonta, etc., and a greiit number of the Sharks, 
bear living oiTspring, which for the most part undergo their embryonic 
development in a dilated part of the oviduct which serves as a uterus. 
Beproduction iisually takes place only once in the year, most fre- 
quently in spiing, more rarely in the summer, and esceptionally, as 
in many of the Salmonida'., in winter. Many fishes, especially the 
males, undergo changes of colour and develop gi-owths of skin at the 
spawning time. The two sexes often assemble in great shoals and 
seek out shallow places near the banks of rivers oi' near the sea coast 
(Herrings) for spawning. Some make more extended migrations 
and pass in great shoals over great distances along the sea coast 
(Tunny-Fish). Others leave the sea and pass up the mouths of 
rivei-B, and overcoming gi'eat obstacles (Salmon leaps) make their way 
up into the smaller streams in which they deposit theii' spawn in 
sheltered places where the food is plentiful (Rilmon, Sturgeon, et«.). 
The Eels on the other hand migrate from the livei-s into the sea, and 
in the following spring the young Eels enter the freshwater by 
millions and pass up the stream. The spawn is as a rule fertilized in 
the water, and thus artificial fertilization and pisciculture is rendered 
possible. In the viviparous fish, and in the Rays, Chimisra, and 
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Dog-tishfR, which ]ny Im'go eggs BQclosed in a homy shell, a true 
copulation tiud aii internal fertUiattion of the egg token place. It is 
worthy of note thnt in ti few exceptional casea the male niidertakea 
the chiij-ge of the brooil {Hippoctiaptts, Cottut, Gatterosteus). 

The embryonio development of the fishes is principally dia- 
tiingiiieheil from that of the higher Vertebrates by the fact that 
neither amnion nor aUniUois are developed. Both the small eggs of 
the Teleosteans, which jire provided with a micropyle, and the large 
eggs of the Flagiostomes, which are surrounded by a hard homy 
case, contain n large quantity of food yolk, and undei'go a. partial 
segmentation. The eggs of Amphioxus and of the Cyclostomes, 
however, undergo a. total segmentation, Aa a rule the young fishes 
leave the egg-membranes tolerably early, with more or less distinct 
remaina of the yolk-sac, which is by this time completely taken up 
into the interior of the body, but projects externally, like a hernia. 
Although the body-form of the just-hatched fish diiiera essetitially 
from that of the adult animal, yet no true metamorphosis takes place 
save in A few exceptional cases. 

Most fishes live in the sea, and the number of their apeciea and 
genera inca'eases as we approach the equator. But they are not all 
exclusively confined to fresh or salt water. Many, as the Hagio- 
Btomes, live almost entirely in the tiea ; others, as the Gi/priitoidei 
and Eaocidm, are confined to fresh water, but there are also fish 
which periodically change their habitat, especially at spawning time. 
Some fish live in subterranean waters and are blind like the 
inhabitants of caves (Amblffopaia spelrmia). Few fish are able to 
live Buy length of time out of water ; as a rule the wider the gill- 
slita, the quicker does the fish die on dry land. Fishes with narrow 
gUl-alits (Eels) possess an uncommon tenacity of Hfe out of 
water. According to Hancock, a species of Dttraa migj'ates in great 
shoals over the surface of the ground from one piece of water to 
ajiotber. Except the Dipnoi, certain East Indian fresh-water fish, 
who.se upper phwi^yngeal bones are hollowed out into the form of a 
labryinth and form a multicellular reservoir for water, ai« capable 
of living the longest time out of watei- (Anahaa gcandens). There 
are even fishes which can fly (Exocfeiits, Daetyhptents). 

Fishes are of great importance to our knowledge of the develop- 
ment of animal life on the eaiib owing to the frequent appearance of 
llieii' fossil remains in all geological periodH. In the palseozoic 
formatione very singular fish-forma, as the Cephalagpidie {Cepalaspis, 
Coeeostevs, Pteric/iihi/s), constitute the oldest representatives of the 



Vertebratu. Fi-om the palseozoio forlnations to the chalk we find 
almost exclusively cartilaginous fishes and Ganoids, amongst which 
the forms with persistent notochoi-d and cartilftginons skull pre- 
dominate. Ganoids, with a. fully-developed bony skeleton, round 
scales and an externally honioceital caudal fin, appear for the first 
time in the Jurs, whei-e we also find the first Teleosteans. From 
the chalk onwnrils, in the more i-ecent formations, the 
increase in number and variety of forms the neaj«r we approach to 
the fauna of the present time. 

Order 1. — Leptocardii* (Achania). 

La/nceolate Fishes without paired fitis. The notoehord is persistent ;' 
there is no skull-capsule. The blood is colourless, and there ara 
pulsating vascular trunks. 

The body of Amphioxus (which was t«Jcen by Pallas for a slug) is 
alwut two inches long. It ia shaped like a lancet, and is provided 
with doi'sal and anal fin-like folds, which, however, are without rays, 
and are continued into the lancet-shaped caudal fin. In the place 
of the vei'tebral column the strong notoehord persists ; on the dorsal 
side of this is the .'.■piiial cord, the slightly swoDen anterior exti'emity 
of which represents the rudiment of the brain. There is no capsale 
corresponding to the skull. There is a rudimentary eye, consisting of 
an unpaired pigment spot, situated at the anterior end of the central 
nervous system in the nervous tissue ; also a small olfactory p£i.| 
placed on the left side. There is no auditory organ. 

The mouth, which is without jaws, is a long slit fupported by i 
jointed horse-ahoe-shaped cartilage, bearing ciliated cir 
into a long aad spacious sac (pharynx), which is pierced by a number of J 
lateral shts, and serves the function of reifpiration. At the entranosJ 
of the phai-ynx there are two folds, and on either side three fingei" I 
shaped ciliated pivjectious. The walls on each side are supported hfa 

' Job. Miiller, " Uelier Jen Bau nnii die LeljensersclieinuDgen des Bmni-* 
chiostoma labricum (Amphioxus lanceolatiia}." Ahhaadt. dfi- SarlinfT Akad-t 
1812. 

Kowalevski, " BntwickeluiigBgesohichW Ton Amphiosus lanceolatus. 
Potersbui^, 1867. 

Kowalevski, " Weitere Stndien, etc" Arch, fiir lail^.Aitatamie, Tom. XIII. 

W. Rolph, '' Untersncliaiigen Uber den Ban des Amphioxus lonEeolatas," 
Kerph. Jahr., Tom. II., 1876. 

P. Langerhans, "Zur Auatomie des Amphioxua lanceolatuB," Arch. /Or 
mikiiiik. Aiuiteniie, Tom. X.U. 

B. Hatschek. "Studien iiber die Entwickelnng des Amphioiua." Arbri 
aus dnit Zool. Inttitvte ia Wien, Tom. IV., 1881. 
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obliquely directed rods, and form over the rods 
leaf-shaped, inwardly projecting brj-nchial folds. 
Between the latter there are slit-like openings 
for the outflow of the water, which piisses into 
a superficial cavity— the atrial cavity — pi-oduced 
secondarily by the growing over of ii fold of the 
integument aad opening to the exterior by a 
pore — the atrial pore — on the ventral side. 
The intestine be^na at the posterior end of 
this branchio-pharyngeal sac, and pnsses in a 
straight course as far as the tail, where it opens 
by a somewhat laterally-placed anus. The in- 
testinal tube is divided into two regions, of which 
the anterior receives a ciecal hepatic sac, which 
eriends forwards on the left aide of the pharynx. 
The rascolar system is without an in- 
dependent hefirt, but in its place the principal 
vessels pulsate. The arrangement of the vessels 
permits of comparison with the vascular ap- 
paratns of the Invertebrata (Annelids), and at 
the same time it represents, in the simplest 

form, the arrangement typical of Vertebrates, 
A longitudinal trunk running beneath the i 
respiratory sac gives otl' numerous vessels, which 
are oontractile at their origin, to the gills. The 
anterior pair of these branchial aiteries forms a 
contractile vascular arch placed behind the 
mouth, the two parts of which unite beneath | 
the notochord to form the aor^i, which receives 
the next following branchial arteries. The 
venous blood returning from the organs is 
collected in a vessel placed above the hepatic 
CKcnm ; this vessel becomes the subpharyngeal 
longitudinal trunk. The blood returned from 
the intestinal canal is collected in a vessel — the 
hepatic vein^ — ^which bi-eaks up into tine branches 
on the hepatic ca*um. A second contractile 
vesisel (vena cava) i-eceives the blood from these 
branch^, and conducts it back into the sub- ' 
pharyngeal longitudinal trunk. Tlie blood 
coi-puscles are colourless. 



^^Generative Oi^&ns. — ^Tbe aninialB ai-e ditpcious. The ovaries and I 
teetea resemble each other exteraully, and consist of a series of J 
paired bodies. They ai-e arranged segmentuUy (in prolongation 
the Ixidy cavity), one pair being found in each segment over th« J 




Fis M§ —Development ot ^wpiionu (after B. HBtBCliat). -i, Blaatos))liere. B, comrnencinyB 
mvajiinatioa i>! tLe aatodsna (gHatmlaX ^i L&ter gaatrula, the inlia oF tlie ectoderm J 
celle ste aal nprearntei! S, Stage with two somites (primitive iegmente), aeon In 
optical lonintmUnol Bacuon US, Primitive BegmetiK or Himiees : MF, meaoABrm fold! , 
If mPdulInT? chjibX , Or exteraa] opeuing of the latter^ E, SCaife with nine BomiteH 
Been from tliedoisal Bnrfai^e Inaliew tbe aBjnnmetry of the soiaitee, tliBQOtQCliDr<i<Cit) 
IB shown m section. ^, i.arva with aii]nU!i(0}iuid £rat ^sUI(£)seeDfrDm th 
Bide: D, intestine: B'. ventral blood-vessel. 

greater pitrt of the length of the branchial sac (tig. 597, Ov).^ Thei<l 
generative products are dehisced into the atrial eavity, and poMil 
thence through the pharynx and moath to the exterior. 

For a short distAnce in front of the atrial pore the epithelinm of | 
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the ventral wall of the atrial cavity is thrown into a number of 
peculiar longitudinal folds which have been intei-preted as kidneys. 

Development. — ^The eggs undergo a total .segmentation. The cells 
resulting from segmentation form a blastosphere, which by invagina- 
tion is transformed into a ciliated gastrula larva (tig. 598, A, B, C), 
The mesoderm is developed from latei-al folds of the entodenii, and 
at once segments into somites ; and at the same time the medullary 
canal, which communicates with the alimentarv canal behind and 
opens freely to the exteiior in fi-ont (fig. 598, />), is formed from 
the ectoderm. Soon after the notochord arises from the endoderm. 
The changes, which take place in the larval life, are introduced by a 
considerable elongation of the body. In the further development 
the larva is remarkable for a striking asymmetiy (of somites, mouth, 
anterior gill-slit, anus, olfactory organ). The branchial apparjitus, 
which is at first free, is afterwards covered by a reduplicjition of the 
skin (formation of the atrial or peiibranchial cavity). 

The only genus of the Leptocardil is Amphioxug Yarrel {Branch'wxtonut Costa) 
laclnding a single species distrilmted on the sandy coasts of the North Sea, of 
the Mediterranean, and of South America. A. laneeolatm Yarrel. Laucelet. 
The forms described as A. Bdclwri Gray, from the Indian Ocean, and A. don- 
gatvtt Sundev. probably belong to the same specie?. 

Order 2. — ^Cyclostomi* (Marsipobranchi). 

Vermiform Fishes without pectoral or jyelvicjitis ; with cartilaginous 
skeleton and persistent notochord. There are six or seven pairs of 
pouch-like giUs, The olfactory fossa is unpaired, and the circular or 
semicircidar suctorial 7nouth is loithout jaws. 




Pig. 699. — Myxine fflutinosa (regne animal). 

The Cydostomi have a cylindrical vermiform shape {1d.^. 599), and 

* Joh. Miiller, " Vergleichende Anatomic der Myxinoiden." Berlin, 1835-45. 

Aug.Mtaier,"Ueberdie Entwickelung der Neunaugen." Miilhr'ftArchiv., 185<;. 

Max Schultze, "Die Entwickelungsgeschichte von P. Planeri." Haarlem, 1850. 

P. Langerhans, " Untersuchungen iiber Pctromyzon Planeri.'' Freiburg, 1873. 

W. Miiller, " Ueber das Urogenitalsystem des Aniphioxus und der Cyclosto- 
men." Jen. Ttatuiiviss. Zeitseltr., Tom. IX., 1875. 

A. Schneider, " Beitrage zur vergleichenden Anatomic und Entwickclungs- 
geschichte der Wirbelthiere." Berlin, 1879. 

Calberla, " Zur Entwickelung des Medullarrohrs und der Chorda dorsalis der 
TeleoBtier und der Petromyzonten. " Moi^hol. Jahrh., Tom. III., 1877. 
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their skin is without scales. They have no paired fins but the system 
of verticul tios ia developed over the whole length of the dorsal 
surface and of the tail, and m usually supported by cartilaginouB 
rays. The skeleton is contined to a cartilaginous I'lidiment of the 
vertebra! column and skull. The notochord persists as the asial i 
skeleton : its shetLth pre-senta traces of segmentation in the presenoe ] 
of rudimentary caxtUaginous neural arches (fig. 600, 6), and ■ 
caudal region (Petromi/zon) of the lower vertebial arebeK alao. 

At the anterior end of the iiotociiord there is a cartilagino- 
membranous cranial capsule encSosing the bi-ain. It has a bony basal 
region and lateral cartilagjnoua 
vesicles in which the auditory i 
organs are enclosed (flg. 600). 
In place of the visceral skeleton 
there are cartilaginous pieces 
surrounding the palate and pha- 
rynx, various labial cartilages 
and a complicated frame work 
of cartilaginous rods, which 
fonn the so-called branchial 
basket round the biunehial sacs, | 
and are in part attached to the 
vertebral column. 

The Cyc&storei possess a braia | 
of. the piscine type with three ] 
principal sense nerves and a 
reduced number of spinal-like 
nerves. Two eyes are always 
present, but they may be hidden 
under the skin or even covered 
by muaclea (^Myxine, larva of Fetrovayzon). The olfactory organ | 
is an unpaired sac opening in the median line between the eyes. In 
the Myxinoids the olfactcry capsule has in addition a posterior J 
opening which pierces the palate and can be closed by a valvular J 
apparatus. This communication between the nasal and phFiryngeai I 
cavities serves for the introduction of water into the branchial sac j 
for the mouth when pei'forming its function as a suctorial organ is ] 
closed so far as the paj^sage of water is concerned. The anditoiy i 
organ is reduced to a simple membranous labyrinth which consists 
of the vestibiiluni and one or two semicircular canals. 

Alimentary canal. — The mouth, which is surrounded by fleshy 
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lips and often l^y tiLinientous prowjss*«, is circular in shape, though 
the lips can be applied together iw as to form a mediiin longitudinul 
slit. It leads into a, funnel-shaped buccal cavity, which is without 
jaws and is armed on the »>ft palate an well ns on the tloor with 
homy teeth (fig. 601). At the bottom of the funnel ia the tongue, 
which, moving up and down like a pistoti, eimliles the animal to attach 
itself by its mouth as by a sucker. The pharynx, which follows 
the mouth, communicates with the branchial uacs either directly oi' by 
a special passage {Pelromi/zon). The intertiiial canal passes straight 
to the rectum and is divided into stomach and intestine by a narrow 
region, the walls of which project so as to form a sort of valve. The 
liver is always well developed, but theie i 
no swimming bladder. 

The ^ills (fig. 592) lie at the sides of the 
cesophagus in six or seven pairs of branchial 
sacs. These open on either side bv external J 
branchial passages into the same number of 
separate respimtoiy apeitures. In Mysme 
on the other hand thei'e is on each mde, almost 
on the ventral surface, only one opening mto 
wMch all the external bpanohinl ptiBtftgee uf 
the same side open. 

On the other side the raca communicate 
with the liesophagUH, but, except in Ammo 
oatea, never dii'ectly by simple openings but 
by internal branchiid passages oi, as m ^ 
Petromyxon, by a common passage l\mg 
beneath the (esophagus into which pasbage 
all the other branchial passages open The 

water flows in from the exterioi through the external branchial 
openings or in Myxine through the nasal passage, and is driven by 
the contraction of the constriotoi' musile^. of the bninchial sacs either 
out by the same way (rtttromi/zon), or into the fesophagus, and from 
this to the exterior through a special unpaired canal on the left side. 

The heart lies beneath and behind the branchial skeleton. Some 
of the vascular trunia pulsate, e.g., the portal vein in M>/xrine. The 
aortic bulb has no muscular layer, and contains, as in the TeleosteanB, 
only two valves. 

The urinary and genital organ.s are of simple structure. In 
Myxiiis the kidneys retain the primitive segmental arrangement, 
there lieiug a m-inaiy tubule and Malpighian body in everj' seg- 
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discovered two Imndred years ago by Buldner, a fisherman of Straa- 
biirg, but has only recently been rediscovei-eii by Aug. Miiller, The 
young larvfe (fig. 602, b, e, cl) are blind and without teeth. They 
possess a. small mouth, surrounded by a horseshoe-shaped iipper lip, 
and were for a long time placed in a special genus — Ammoaslee. 

The Cyeloatoioea live partly in the sea; they aacend rivers at 
spawning time, sometimes <tArried by the Salmon and Shad (Atausa 
vulgaris), and deposit their eggs in holes in the river-bed. Others 
-are river-fish. They attach themselves to stones and to dead and 
living fish, which latter they may in this way kill. They also eat 
worms and small aquatic animals. The genua Myxine ia exclusively 
parasitic on other fish and even makes its way into their body cavity, 
thus aifoi-ding an example of an endoparasitic Vertebrate. 

Fam. lIrxlaoldm{Uagf>]. Head obJiqtielj truncatei\ ; suctorial maath vriti 





I 



lips, juidsurroumteii by labial prooiiBsos; sjes hidden beneath Die skin. There 
IS an opeciiig from the iia^ol cavilj into tbe mouth througli the poaterigr paii 
uf the palate. The branchial punches open to the esterior either by a commou 
ventral aperture on each aide (Xt/irine, GanlltibTafiehvt) or by «even apertnrca 
on eachsideorasymmetrically by six apertures on one side and seren on the other 
(Bdellwtoma). iltaiae.Mj/i!i>wfflHtiiui4al..{Sg.R99). BdelUmUma heptatrrma 
Job. MUli., found at the Cape. 

Fam. PetromjfiontidsB. Lampreya — Nine-eyee. With seren external gill 
elitB on each aide of the neck, and a dimmoD internal branchial passage 
which opens anteriorly into the pliaryni. The nasal cavity enda blindly. 
The Tonod month, without labial processes, with floshy lips, which can be 
approached so as to leave a slit-like opfining. Petromyain manmu L. 
lamprey, two feet in length, ascends rivers with the Shad, iu tlit> spring, 
to spawn. P. fiuviatilit L., Hiver Nine-eye (BiJ. (i03(i>, P. P/awii Blot h, 
small river Nine-eye, with AmiHonttrii hraneh'mlit 
length of 5 t( 




Ofder 3.— Selachii* (CHONDROPTERyGn). 
CaHilagiitoita Fwhea with large pectoral and pehrk 



fine, with 



: _fine 
trtmeverie venlraUy-plaoed mouth, usuaUy with Jive {rarely nx or 
aeeen) ptnrs o/ branchial pouefiea and brwiehitd sliu. They have a 
DHueular aonus arteriosus which oontains several mms of values. The 
intestine has a spiral valve. 

The Selachians differ strikingly io their outward appefti-ance from 
all other Fishes (flg. 603), and present even among themselves great 
varirttions. The form and position of the mouth, which is a hroad 
transverse slit placed on the under surface of the snout, is an impor- 
tant diatinguiahing character. -The skin usually contains a number 
of bony granules {ossified dermal papillae, plucoid scales), and obtains 

"Compare Jnh. Uiiller and J. Henle, ■' Hystcmatiache Beschreibung der 
Pll^Qstomen," mit fiO Bteindmcklafelii. Berlin, 1S4I. 

Ft. Leydig, " Beitrage zor raikroskopischun Anatomic and Entwickelungs- 
geachiehte der Bochen und Haic," Leipzig. 1H52. 

C. Oegenbaur, '■ Dntersachnugeo iiir veT^leicheoden Anatomie der Wirbel- 
ftiera." LeipKig, 1872, 

T. M. Balfour, " A monojtraph on the development of Elasmobraiich Fishes.'' 
London, 1878. 

0. Hasse, " Das natUrliche System der Elasmobranchier." Jena, 187fl. 
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thereby a rough ahiigi'een-like siirfiiue. Sometimes, especially 
the tail (SaikkE), thet-e are larger bony plates, mranged in rows and 
provided with pointed spinous ptocesaea, which serve for protection 
(ic/tthyodorulilei). All the Selachians have large pectoi-al and 
pelvic fins. The former are attachetl by a cartilttginons shonlder- 
girdle to the posterior part of the skull, or to the anterior region of 
the vertebral column; they are either shai-ply uiarked ofl'and have 
an almost vertical position on the anterior part of the body (Okinuera 
and SqunlicUe), or tbey have the form of very large, horizontally- 
placed lateral expansions of the body (Jiai/a). In the latter case 
they reach by means of the so-called cranial fin cartilages to the 
anterior end of the snout, and lean by posterior suspensors on the pelvic 
framework of the venti-al Sna ; the latter are always placed near the 
anus, and in the male bear peculiar grooved cartilaginous appendages, 
which are the iiccessory copulalory organs (claapers). The unpaired 
fins also may be well developed, and, as their number aud position 
vaiies in the different forma, they may be of systematic importance. 
A sharp bony spine is aoraetimea present in front of the dorsal fins, 
or completely isolated on the dorsal isurfsce of the tail {Trygon), and 
this aa well as the spinous and hooked processes of the dermal 
bony plates sei-ve as a weapon of defence. The caudal fin is always 
markedly heterocercftl estemally. 

The skull is an undivided, cartilaginous capsule, the base of which 
sometimes is articiilated to the vertebral column (Ckimfera and 
Raiidte), while sometimes it is excavated like the body of a vertebra 
(fig. 571). On the facial region the cai'tilaginous mandibular arch 
persists, and is attached to the auditory region of its skull by the 
hyoma/ndibular. The palatoquadrate bar is moveably connected to 
the cranial capsule (except in ChivuEra). The palatoquadrate and 
the lower jaw are always cartilaginous, and as a rule are abundantly 
furnished with teeth. The vertebral column with its remains of 
the notochord is aliso principally cartilaginous, but separate biconcave 
vertebne are developed, the form of which offers numerous variations. 

In all eases there are dorsal and ventral arehes, which sometimea 
remain separate and sometimes fuse with the vertebral bodies. Bibs 
only appear as cartilaginous rudiments. 

In the structure of the gills (fig. 593), the Selachians differ essenti- 
ally from the Teleosteans in possessing five bi'auchial pouches on 
either side ; the branchial lamelUe are attached in their whole length 
to the partition waUs, which are supported by the lateiiil cartilagi- 
nous rays of the branchial arches. The branchial pouches are placed 
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relatively far back, and each of them has a separate external opening. 
These openings are in the Squalicke on the sides, in the Raiidce on 
the ventral surface of the body. In the Chiniceridce the branchial 
pouches open on either side into a common gill-slit, over which a 
cutaneous fold, arising from the suspensorium of the jaw and 
serving as a branchial operculum, is spread. 

The dentitioil presents many variations. Sometimes {HeicanchuSy 
Accmthias) the whole of the buccal cavity as far as the entrance to 
the oesophagus is covered with small teeth of the mucous membrane 
(jpkuxnd scales*); sometimes there are larger teeth, which also 
always belong to the mucous membrane, and are arrtmged in rows 
on the rounded edge of the jaw in such a manner that the younger 
posterior rows of teeth have their points turned inwards, while the 
teeth of the anterior rows, which are older and more or less worn, 
have their points turned upwards and outwards. 

In the SquaUdea, dagger-shaped or saw-shaped serrated teeth pre- 
ponderate, while conical or flat pavement-like molar teeth are 
characteristic of the greater number of Raiidea, 

Spiracles are frequently present on the upper surface of the head 
behind the eyes ; they are used for the expulsion of the water from 
the pharyngeal cavity. The digestive canal is dilated to a spacious 
stomach, but is relatively short ; the small intestine is furnished with 
a spirally coiled fold of the mucous membrane — the so-called spiral 
valve — ^which considerably increases the extent of the absorbing 
surface. A swimming bladder is always absent, though the rudiment 
of it is often discernible. 

The heart * has a muscular comus arteriosus ; it contains two to 
five rows of valves, and represents a part of the ventricle which has 
become independent. 

In the structure of the brain and of the sense organs, the 
Selachians hold the highest place amongst the fishes (fig. 588). The 
hemispheres are of relatively considerable size, present longitudinal 
and transverse impressions, and traces of convolutions on their 
surface. The cerebellum, also, may be so well developed that the 
fourth ventricle is almost entirely covered by it. The two optic 
nerves always form a chiasma and some of their fibres cross. The 
eyes in the SquaUdes are not only protected by free lids, but often 
also by a moveable nictitating membrane. 

* 0. Hertwig, Jen, natv/nnss, ZeiUchr. Tom. VIII., 1874. 

* C. Qegenbaur, '* Zur vergleichenden Anatomie des Herzens." Je7i. natur- 
wisi, Zeitsehr, Tom. II. 
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The urinary Oi^&ns of the Plagioatomi are paired kidaeys, whicfc^ J 
HometimeH retain the ciliated funnels (jtephroatonuxUi). 

The Heses can be easily dietiDguiahed hy the form of the pelvic I 
flna. A true copulation olwuys takes place. The female genital j 
organs consist of a large, single or double ovary and paired glandular.! 
oviducts, which are i^epanite fi'om the ovai'ies and begin with & I 
common funnel-ahaped ostium, and in their further course each of J 
them possesses a uterua-like dilatation. The two oviducts open \iy J 
a common apertnre (in the ChimiBrida only by sepaiitte orifices) inta J 
the cloaca. The ova have a large amount of food-yolk, and ars \ 
enclosed by a mass of albumen, and sometimes by a thin aierabranooB 
folded chorion, sometimes by a tough, parchment-like, flat shell, 
which ia prolonged 
into four horns, 
or into twisted 
strings, which 
eervB to attach it 
to marine plants. . 
In the latter casa \ 
the eggs are laid 
(the tru« Rays 
and Dogfish) ; in 
the former ( 
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viviparous SqiM- 
Hdes), on the other 
hand, they develt^ 

'" in the " 

In this case the eggs are closely applied to the walls of the uterus 
during the development, the folds of the chorion interlocking with 
the ridges of the uterine walls. Thus the addition of nutriment 
is rendered possible. Sometimes the connection between the mother 
and the embiyo is more intimate, and is effected by means of a true 
umbilical placenta, which was known to Aristotle in Muaielua Imvia 
(fig. 604). As Joh, Miiller* has shown, the long-stalked yolk- 
of the embryos of M^iatdia lixvU and species of Varcfiariaa develops a> 
great number of villi, which are covered by the delicate ^g mem- 
brane, and like the cotyledons of Enminants (it into corresponding 
depressions in the uterine mucous laembi-ane. In other respects, 
-r (itn glalteii Hai des AriBtotdes." Ahliandl. 



I 
I 




SELAOHII. 161 

also, the embryoM of the Plagiostonies exhibit iiotalile peculiarities, 
especiiilly in the jMsaesaion of external branchial tilanientfl (fig. 605), 
which are lost long before birth. 

Almost all the Plagiostomea ai-e mai-iae ; only a few of them are 
fouad in the larger rivers of America and ladui. They ai-e all 

I carnivorous, and feed on large fishes, or Crustacea and moUusca. Some 

[ few (^Torpedo) possess an electric organ. 

With the exception of Fleuraeanthua, remains of spines and teeth 
only are pre.served in the Palajozoic formfttions. From the secondary 
period onwArds the remains are more complete and numerous. 

Sub-order 1. Holooephali. 

Selackiaiis loith maxiUo-ptUatine apparatus fir^iidij J'uted to Ike skull, 
with aingU external {fill slit 
membrane. 

The thick strangely formed head is pKH-ided with large eyes which 



eaa/i side nitd small operetdaT 




are without lidn. The mouth is small and lies on the under surface 
of the snout. The masillo*palatine (palato-quadrnte) bar is firmly 
fused with the sJculi, while the lower jaw articulates with a styliform 
process of the skull (hyomandihular). The mandible has but few 
teeth (four above, two bolow). The naked skin ia traversed by the 
large passages of the lateral senue organs. There ai'e no spiracles. 
The vertebral bodies are I'cplaced by thin calcareous annular incrusta- 
tions in the sheath of the notochord. They lay eggs with homy 
shells. 



Sub-order 3. Fla^ostomi. 

Selachians with vnde transverse moutli, which is placed far hack, 
tepa/rate vertebral bodies, mid a more or less reduced notochord. There 
are Jim (exceptionally six or seven) external gill slits on each aide. 
The nasal apertures are placed on the under surface of the snout, 
VOL. II, 11 
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a little iu front of the transversely arched moutli. The slrin is 
rarely naked ; it is usually shagreen-like in consequence of the . ' 
osseous bodies which are embedded in it, or it may also be covered I 
with osseous plates and scutes. The palato^nadrate bar is moreabld I 
and M separate from the cartilaginous cranial capsule- 
Tribe 1. Bqnalidei (Sharks), Spindle-shaped Plagioa tomes, with 
lateml gill slits ; eyelids with free edges ; incomplete shoulder girdle, 
without cranial fin cartilages. 

The body is spindle-shaped, carries the pectoral fiiis more or less 
vertically, and ends with a powerful tail, which is bent dorsalwarda 
at the end. There ai*, however, forms which, with i-egard to their 
body shape, are allied to the Hays, and constitute forms of transition 
to the latter group, e.g., the genus Sguatina. The teeth are usually 
pointed and dagger-shaped, and placed in numerona rows. The 
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famihes are distinguished principally by the number and position of 
the fins, by the presence or absence of spiracles and of a nictitating 
membrane, and also by the form and structure of the teeth, 

Fam. ScyllidB (Uog-fisheB). ScyUiam caaicula L., the coasts of Eorope. 

Fam, CsBtrtisiontidEe. Cetteacivn PkUippi Blainv. 

Fatn. LamnidaB (Porbe^lea). Lamna glavea MlUI, Henle ; Selaehe manMiHt 
Gunn., reaches a length of thirty-two feet, 

Fam. Carilhtu^Iidte. CaTchariaa glaiuma Bond, the Blue Shark, with 
umbilical pliicenta, C. !aima Eis30. These two last are found in the Mediter- 
ranean auil the Ocean. Zijgiena mellem Risso, the Hanuner-lieaded sbark. 

Fam. Qaleida (Topee). Galenf canU Bond., Bnropcan seas ; Mn-iteUui vulffarU 
and li^rU Itond., with umbilical placenta, both are found in the Mediterranean. 

Fam. ITotidailidEe. Jfntidiim" (^Ilefanehug^ grUma Gm. and X. {Hrptan- 
ekiui) einereiia Gm., Mediterranean and Ocean. 

Fam. Bpinacidn (Spiny Dog-fiahes). Acawthiai vulgaris ElisM> (fig. ti(l3),. 
found from the northern Be»B to the South Sea, 

Fam. Bquatinid» (Angel- or Monk-fishea). Sgualiiia Kohjar'-n Hif&o QSgiialat ' 
igiMtita L.) Kxuilpeftn seas. 
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Tribe 2. Bigides (Skates and Rays). Flagiostomes, with flat 
bodies ; with five gill slits opening on the ventral surface internal to 
the pectoral fins; with complete pectoral girdle and cranial tin 
cartilages, without anal fins. 

In consequence of the size and horizontal expansion of the thoracic 
fins the flat body presents the form of a large disc, prolonged behind 
into the long thin tail, which is frequently armed with spines, lui-ely 
with one or two serrated stings. . The mandibles are short and stout, 
and are furnished with teeth which may be either small and conical, 
and, arranged near one another in rows, or broad and plate-like. 
The Eays live for the most part at the bottom of the sea, and feed 
principally on Crustaceans and Molluscs. The Torpedos have an 
electrical apparatus between the fin cartilages and the branchial 
pouches. By means of this organ (fig. 590) they can stun even 
larger fishes. Many Eays reach the considerable size of ten to 
twelve feet. 

Fam. SqiiatinongidflD. Pristis antvpwrum Lath. Sawfish, Ocean and 
Mediterranean ; Rhinobatas grannlatvs Guv. 

Fam. TorpedidsB. Electric Bays. Torpedo marmorata Risso, Moditen'anean 
and Ocean ; Narcine braHliensU v. Ott. 

Fam. BigidsB. Skates and Rays. Maja clavata L. ; R. miraletus L. 

Fam. TrygonidsB. Sting Rays. Trygon pastinaca \u. (PaHinaca marina 
Bell), Atlantic Ocean. 

Fam. XyUobatidflD. Eagle Rays or Sea Devils. Myliohatls aqu'dla L., 
Mediterranean. 

Order 4. — Ganoidei.* 

CartUobginovs a/nd bony Fis/ies, with ena/meUed scales, or vnth osseous 
dermal plates and fvXcra, with muscular conus arteriosus containing 
rows of valves; mth comb-shaped gills and spiral valve in the 
intestine. 

In former periods of the world's history this order was richly and 
variously represented {Sauroidce, Lepddoidce, Pycnodonta), while at 
the present day it contains only a few forms {Lepidosten-s, Polypterus, 
CalammchthySy Amia, Adpenser, Scaphirhynchus, Spatidaria). It is 
difficult to establish the limit towards the Teleosteaiis, since there is 



• Job. Muller, **Ueber den Ban und die Grenzen der Granoiden."' AhhamJl. 
der Berliner Akad., 1846. 

J. Hyrtl, ** Ueber den Zusammenhang der Geschlechts-und Harnwerkzeugc 
bei den Ganoiden. De/ikschr, der k. Akad. der Wi^semtrh., Tom, VII F., Wieii, 
1854. 

LUtken, " Ueber die Begrenzung und Eintheilung der Ganoiden." Ueber- 
setzt von Willemoes-Suhm. Palaeontographica, 1872. 
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no single difierentittl character common to all the Ganoids (erven the 
spiral valve of the int-estine ia rudimentary in Amia and Lepidoateu*). 

The aealea from which the name of the order is derived are for 
the most part of ii I'homhoidal form, and are always covered with a 
smooth layer of enamel. They ai-e connected together by articular 
pixwessea, and encircle the body in obliquely directed rings (tig. 607). 

As regards the stnicture of the skeleton, the Ganoids are partly 
cartilaginous and partly bony fishes. Both among the fossil Ganoids 
and those living at the present time (Sturgeon) there are forms 
which, by the pei-sistence of the notochord and the formation of bony 
ikrches, are allied to the Chhiueridm. The cartilaginous cranial 
capsule is always covered with esternal membrane bones, and the 
mandibular suspensorium, the jaws, the branchial arches, and the 
operculum passesa a bony consistency. In the so-cnlled bony 
Ganoids, the primordial cranium is more or less completely replaced 
by a bony skull, and the vertebral column graduaJly becomes bony, 
inasmuch as the vei-tebrfe acquire, thixjugh various intermediate steps, 
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the biconcave foim of the Teleo-iteuji vertebi-re and in Lejndosteug 
reach a phase of development in which by the pre&ence of an 1 
anteiior situulatuig head thev resemble the opisthoctelous vertebrM I 
of Amphibia. Bony ribs, also, ai-e fairly frequently presen 

The caudal fin is usually heterocercal, and the end of the vertebral J 
column Ls sometimes continued into its superior lobe; there are, 
however, forms which are transitional in this respect, and lead to 
the homocercal {diphijoercal) form. The fipine-like splints known ae 
fulara, which are arranged in a single or donble tow on the uppei- 
edge and the first ray of the fins, particularly the caudal fin, t 
peculiar to Ganoids. (" Every fish with fulcra on the anterior ec 
of one or more fins is a Ganoid." — Joh. Miiller.) 

Anatomically the Ganoids present many points of resemblance to 
the Selachians. The anterior region of the ventricle is sepai-oted off 
lis a rhythmically contractile conua arteriomis, and contains several 
longitudinal rows of valves, which extend as far as the anterior limit 
of the muscular investment, and pi'cvent the blood flowing back from 
the artery into the conus during the diastole. The comb-shaped 
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gills, on the other hitnd, lie, as in the Teleasteims, freely in ft 
branchial cavity benesith a biunchial opertulimi, to which ft large 
gill containing venous blood ia often iittachei!. This respiratory 
accessary gill {opercular gill) in wanting in Atnia and Spatidaria, 
and must be distinguished from the peeudobranch of the spiracle, 
which may be present together with it. 

All the Ganoids possess a swimming" bladder with a diwtu» pneur 
maiicKs and two peritoneal canals (ohdominnl pm-en), which open at 
the sides of the anus (as in Vhiimerii and Plagiogtomi). The optic 
nerves do not simply cross over one another, but form a chianma 
with partial exchange of the fibi'ee. The generative organs pi'esent 
many notewoi-thy peculiarities. There are two ovaiies and the ripe 
eggs escape into the abdominal cavity. Thence they pass into an 
oviduct [Miillerian duct] which liegins with a funnel-shaped opening 
into the body cavity and opens behind into the urinary duct ov into 
the corresponding comu of the urinary bladder {^'pafularia, LepL 
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doaUus), or unites with the oviduct of the opposite side and opens 
behind the anua by a single genital pore into which the short urethra 
ala] opens, (Hyrtl.) In the two first cases a urogenital canal leads 

a the bladder to a urogenital poi-e placed behind the anus. In the 
male it is remarkable that the same abdominal funnels [Miillerian 
duets] also function as seminal ducts. [It has been shown by Balfour 
and Parker (Stnicture and Developnient of Lepidosteus, Phil. Trans,, 
1882), that in Lepidoateus at any rate the testis is connected with 
the Wolffian body by a testicular network.] 

Tribe 1 . Chondrostei. Cartilaginous Ganoids with persistent 
aotochord. Branchiostegal rays scanty or absent. Caudal fin 
heterocercal, with fulcra. Cranium cartilaginous, covered by dermal 

es. The teeth are small or altogether absent. The skin is 
naked or has osseous plates instead of scales, 

Fam. AeipBnmidBB (Sturgeona), AcipeHter ituria L., Stnigeon; A, mtAeiau 
L., Sterlet (fig, fiOS) ; A, litW" L. {Haneeii), Si-aphirhyiiehus eataphmctvt 
Gray, Slississippi, 



ilh rhomboid acalis, uid dorsal fios liivided up into 

Pi-hjprei-ui, bicliir Oeoilr. (fig. 'SC'l, with from eight 

rers of Tcopicnl Africa ; QilawoifhtDi/t calabariev* 



P'am. Sp»WlaridiB (Ltiffelstore). Sjiatiilei'i'i [Pelnodniti/fUvm Lac, W 
eippi ; -"^v. gladivM Martciia, Yautaefciang. 

Tribe 3. Croaaopterygii. Ganoids witt two broad jngukr plates 
instead of the hi-anchioMtegal rays, and nsimlly with a pointed 
(diphycercal) caudal fin. The shafts of the pectoral na well aa of the 
pelvic fins, which are placed far tKwfc, are invested with scales, which 
also coyer the niys. The scalea are sometimes thin and cycloid, 
Bometimes stiong and rhoraboid. The Crossopterygii lead to the 
Dipnoi and Ani/phihia. 

Fnm. Foln>teridK. 
a iiutnljer of small fin 
to siiteen smail fins, " 
Smith, Old CalaLar. 

Tribe 3. Euganoidea (Bony Ganoids). Ganoids with rhoinboidal 

scales, and usually with fulci-a on the anterior border of the fins. 
They have numerous branchiostegal i-ays. The pelvic fins are placed 
between the pectoi-aj and anal fins. 

Fam. LepidoitGidD (Gar-Pikes. B0D7 Pikes). Form of bod; cloogated, 
[like-like. The dorsal fioa are placed far back ; the coadal flu hetei'ooereal 
and sharply cut off. Fresh waters of Cuba," Ceutral and North America. 
Lepiduitciii piatngtmmt Ear. ; L. i\»\»vt L. ; L. upattila Lac 

Tribe 4. Amiadea. Bony Ganoids, with large round enamelled 
scales, bony bmnchiostegal rays, and heteroceriail caudal fin. There 
ai'e no fulcm. 

Fam. Amiadie. Aiiiia calea fionap., rivers of Carolina; most nearly 
aUied to the Iwrny fishes (^Civpeida and SaJmimidie). 



Older 5. — Telbostei (Bony Fishes). 

Fi»}ies with bony skeleton, with free gills {usually four on each side) \ 
and an external branchial operculum. There is a bulbus arterioBiia ' 
with two valves at its base. The optic nerves do notfomt a ckiasma. 

The Teleoateans compi-ise by far the greatest number of all fishes, 
and are dLstinguiahed fi-om the cartilaginous fishes and Ganoids by a 
number of anatomical characters. They passess a simple bulbua 
arterioaua with only two valves, which are placed opposite to each , 
other at the origin of the bulbus. The bulbus arteriosus is not a ' 
separate part of the heart with independent pulsation, but the 1 
thickened commencement of the cardiac aorta. Spiracles and a 
spiral valve of the intestine are never found. The optic nerves 
simply cross one another, or the fil>res of the one pass between the_,, 
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fibres of the other without forming a eliiasma. The gilla are usually 
comb-shaped, and, as in the GUnoidd, lie freely in a branchial cavity 
under a branchial opei'culum, to which i^ added a a branchioetegal 
membrane, supported by bi'anchioategtd luyw. The skeleton is char- 
acterised by the well aepwated, usually boiiy vertebrse, and by the 
bony skull, beneath which remaina of the primitive cartilaginoun 
cranium often persist. The skin is only rarely naked or appai^ently 
without scales. In euch ca^es the scales are very small and do not 
project from the surface ; more frequently bony plates and scutes 
are present in it, especially behind the head, As a rule the skin is 
covered by cycloid or ctenoid scales which overlap one another. 

The njinary and genital organs open 
behind the anus either separately or by a 
common aperture on a ui-ogenitat papilla. 
[The kidney is dilated in front to form 
a head-kidney, which, however, is in the 
ndult, sometimes if not always, largely 
composed of a tissue resembling lymphatic 
tissue (Balfour). The genei-ative ducts ai* 
continuous with the investments of the 
^nemtive glands in both sexes, and in the 
male there is no connection between the 
testis and the kidney.] 

Only a few Teleosteana ai* viviparous ; 
they almost' all lay araall eggs in enormous 
nambers in protected places. 

Suh-order I. Lophobranetul. Teleo- 
steans with armouied skin, elongated 
tubular snout which is without teeth. 



The gills a 

the gill slits are very n 



the form of tufts and 




like 



The 



Fam. Fegruidn. The hody ia flattened : peetural fins large, spread 
wiogB ; pelviu fius small. Pcijatu* volaiu L., East Iiidiea. 

Fam. Syng&atMdn. The body is cylindiieal or latemlly compressp 
gill openings nari'ow, aud. pectoral fl"" small ; males with brood-poiicht 
(fig. soy). /iyru/ttatlivK acviili,, Pipe-fish ; Hippacampas aufi/jtuirinii Leach., 
8Ba-hor8e, Mediterraucaii. 

Sub-order 2, Plectognathi. Globular or laterally compressed 
Teleosteans, with immovably fused masilla and praunasilla, and 
nari'ow mouth. The dermal armoui- is straog and often hears spines. 
There are usually no pelvic fius. The gills are comb-shaped. 



FIBOKa. 

Ti'ihMs 1. Sclerodermi. Jaws witL wepirated teeth. 

Fam, OBtradimidD (Trunk-fiahea). Body cofier-like, triangular or quad- 
rangular, often prolonged into hom-like proceeaea ; with firm dermal nrmour 
conasting of polyhedral bony plates, on which only the fins and tail are 
movable. Ortraeiea triipirter L. (fig. 610), West Indies ; 0. •/vaiirieomii L^ 
West Africa. 

Fam, Balutidn (Filf-fishea). The body is laterally compreaaed, and the akin 
is covered with rough granulLS, or with haid rhomhoid scales, and is oftoB 
beautifully coloured. Bal'mtrt mai-ulatiii L., Attantie and Indian Oci.'ana. 

Tribe 3. Gymnodontes. The jaws moiUtied into a beak, with 
cutting undivided or double dental plate. Dorsal spines absent. 

Fam. KolidB. OHhagtn-hovt mfiUi Fl. Su^ifisb. 

Fam. Tetroflontida [Globetishes, Bea- Hedgehogs.] Diodau li^ttrU L., 
Atlantic and Indian Oceans ; TetrodOH cstaiunit Gthr., St. Helena. 

Siib-order 3, Pliysoitoini. With soft tins (malacopterygians), with 




comb-shaped .gilla and separated jaw bones. Pelvic fins abdominal 
or absent. Swimming bladder always with a ductus pneumaticuH, 

Fam, Moianidm (Kela), Miirama helena L, ; AiguUla angnUla L. {unl- 
garu), Eurojie. At the breeding season in autumn they migrate from the 
rivera into the sea, aud there firat attain aeiual maturity. The reproductive 
proceBBes are not perfectly known, though male and female have been dia- 
tingniahed from one another, and the presence of both kinda of seinal organs 
has been shown. In the spring the yonng eels migrate from the sea into the 
rivers. Conger vidgarii Cut. , coaats of Europe. 

Fam. eymnotidn. eymniFfw-i efcei^-iKiis L. (Electric eel). Lives in the awamps ■ 
and rivers of South America, attains a length of aix feet, and can, by means of 
its electric discharge, knock down even large animals, e.g., horsea. Celebrated 
by the esperiments of A, v. Humboldt, 

Fam. (n.npei(l» (Herrings). With tolerably compresaed body, which with ( 
the exception of the head is covered by hirge, thin, easily-detached scales. 
Clupea harengii* L,, the Herring of the northern seas. It appears every year 
at certain times, in enormous shoals, on the Scottish and Norwegian coasts. 
The principal takes occur in September aud October. C. (San-nguia) aprattm 
L., the Sprat, North Sea and Baltic ; EngraulU eitoratichfha Itond., Anchovy ; 
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WUrzbui^. Attaiae a length ot three feet, A. piUhardvi Bloeh. Saidine, 
MediteiTftn Ban . 

F^m. Biocids (Pikes). The head \e broad and deprtased ; the dorsal fins are 
placed far back. fBeudobraiich glandular, hidden. Voradonfl carniroroua 
fish, with wide ihroal, and powerfal dentol armature. E'OiF. Itieiut L., Kke ; 
rmii-B £rameri Job. Mull. 

Fam. Salmonidtt. With adipose fin, i 
nmnerons pyloric appeuda^x. The ovarien : 
into the abdominal carity. At spawning 
time, which is UEually in the wiuter months, 
tha two seies often exhibit Btriking dit- 
terenoes. They are large predatory ijehea, 
aocl belong principally to the riverB, moun- 
tain streams, and lakes of the northern 
regions. They like clear cold waters with 
stony bottom ; bat they have, aim, rtpre- 
sentatives in the sea, which ascend the ris'ers 
and their tributaries to spawn. Cmvi/iiiuiK 
WartmanHi Bloch, Blaufelcheti ; in the 
Alpine lakes. Thymallvt ralgarin Niles. 
ivasillifir). Grayling ; Salma talrnlinm I.., 
Bftibling ; S. hvplte L., Hucheu, in the region 
of the Danube, a large predatory Sab. S. laliir., Salmon ; S lacwitrh L. 
(Scetorelle, Schwebfofelle), in the Mes of the Alps of tlentpal Enpope. 
3. trntta L„ Salmon or Sea trout ; S.fario L., Trout. 

Fam. Cyprinidw (Carps). Fresh-water fish, with narrow mouth, often 
provided with barbules. The jaws arc weak and without teeth, but the lower 
pharyngeal bones are abundantly turnished with tttth (fig. fill). C^priiivi 
earpia L., the Carp ; CarojuiiKs imlgarit Nilss., Cruciau and Pruaaiau Carjia 
(Karausche) ; llnea Tulgarh Cnv., Tench ; BarhniJfurialUin Ag., the Barbel ; 




iH. All.— Lower phuTrngenl b 
with the Cwth of a caip (Bftiir 
Heakel uid Kner). 




Sleboia). 



Svbia Jtvriatili' Flem., the Gudgeon ; Ilhatleus aniariii Bloch. (Bitterling). 
I Thefemale has an ovipositor with whieh she dcpoata the ova in the gilla of the 
freah-water mussel (lig. 6\2j. Alhiiratit lucidus Heck. Kner, the Bleak ; 
J-mmsfiui nitihtf L., the Boach ; L. cejthalut L.', the Chnb ; Ch"iidroBtoma 
natiu L., (Niialing) ; Arhraiiiii Itrama Flem., Bream ; PhoxinKg lierU L. Ag^ 

Fam. AoanthopiidK. 1'lie swimming bladder is contained in a honj capsule. 
Ctibitii fitixilh L. ; C. imrbatiUa L,, Loaeh ; ('. tmnia. L., Spined Loach or 
' tiioumlling. 
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J<"ani. Cyprinodontidw (Tuothed Carp), Viviparous. Cyprimalon (^Leh 
CuY.) .aJaritii'iuK Cnv., South Eurojje : Amblept letrnpJilli-almut Bi., Gni. 

Fam. Siluridte, Fresli-water Bab, usually with broad depressed head, s' 
deatal armaiure, and ukia naked or cnrercd mtti an armour of boaj platH 
Silvnuglanh L. (Wl4s, Waller). The liirHCBt river fisb of Europe. BypoitmiUli 
iet:. CPnnierwplR) ; MaUptei-iii-vf •■li-rtn^:tn I., (ZittrnvpUs), Nile, 




and TBlondenneB). 



Sub-order 4. Anaoanthini Malocopterygians (soft fins), 
with regard to theii- internul anatomy are allied to the Acanthf 
pteri by the absence of a ductus pneumaticus ; usually witb jugolai 



Fam. OphJdiidie. Ophidium barbatvm L., Mediterranean ; Amm-tidytA 
toh'uiHiis L., Sand-eel, North. Sea. 

Fam. 0«didfe. Gfadns iHwthua (the Cod). In Germany dried cod is a 
Stocklisoli, salted cod Labetdan. Cod-liver oil is pret>arod from itfl H 




young (Dorwh) were for a long time cousidereil as a aupnrate epeciea (& ^ 
eaUariet). G. aglrJiiuM L. Haddock, with a black spot behind the poctflral 
fin. G. werlamjiit L., Whitiug, coaBts of North Europe ; Aftrlnceiui vulgarin 
FleiD., Hake, Meiizterrajiaaii and Northern ISeas ; Lota milffarii Cav., Burbot, 
Eel-pout, Cony HbU. Predatory frest-water fish. 

Fam. Pleuroneotida. flat fishes. The body is compresaed, diso-sl 
strikingly asymmetrical. The side which is directed apward.s towards tl 
is pigmented (with i;haiige of colours) ; the other is free from pigment. 



.c-shaped, m^^^^^H 
-ards the UgU^^^H 
gment. Bo^jf^^^l 

J 



eyes are plaoed on thi^ pigmented side, towania which the. head is turut-d niid 
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Fam. Fomocentridte. Ampki- 
prioii hifajiciatvf BL, New Guinea; 
Fuauioentrur frmniatut Bloch., 
East Indies. 

Fam. Iftbridffi. The Wraasea 
(I.ippfiBche). Brightly - coloni'ed 
fish, with flesbj protruslble lipg. 
Labnu maculatiu Bl, aoasts nf 
EoropBi Creailabrua ]/avii Briinn ; 
Jnliipavi- Haasq., MediteiTBineaiii ; 
Scai-Hi prrteiifit Alcb., Parrot-Dsh, Pis. BIB,— Noat of «u./«™/in,» puigiHvt (afwr 
Mediterrauean. LiiniSnis|, 

Ti-ibe 2. Aoanthopteri (s. str.). The lower pharyngeal bones are 
not fused. 

Fnui. Peroidffl. Perches. Fins thoracic ; acalea ctenoid ; edge of branchial 
operculum or pneoperculum serrated or spinous. There are teeth on the prffi- 
niaxilla, lower jaw, vomer and palatine. Perca Jtm-taiilU Bond., Common 
Perch (fig. 683). A Toraeious flfih, especially puisnes small Cjprinoida. 
LnArar l»p%s Cut., the Bass, Mediterranean ; Acn-iaa etrMia L., the Pope, 
livET flah ; Lueioperca sauilTa Cuv., riFcr fish of South Europe ; Serranvs 
uriba L., bermaphrodite, Mediterranean ; Qasterutt&iu aeuleahu L., the 
Stickleback (Sg. 614), remarkable for forming a nest and protecting the eggs 
and young; G. pu«gitiuf L,, ten-Bjiined Stickleback (the Tinker) (fig. 6 IS) ; 
6. tpinanhia L., fifteen-spined Stickleback. 
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Tam. Hollidte, Mullets. ^«llm bai-bahtt L red Mullet 
Kam. Bparida, Sea-breams. Sargtai Hundelettt Lur \il Pagellai 
tkrimii L. ; Clir^/Htiphrfi avrala L Mediterraneau 

Fftm. TrigUda. Cettui gobi.} L H ver Bnl bead or Miller's Thumb. A 
Email fisb fuuud in clear brooks and t^reama Ic ludes I pucnth stones, and 
defends itxelf b; expanding ita branchial opertu nm The main undertakes tt 
care o£ the brood. C. KorjiiK/ L ^e3 scorp n , F jla ju ardiK i^. Gc^ 




Gumnrd ; Daotylojiteru* rolUaim L., Flying Gumaid ; WraimtcBpui afober L. 
(Stcrnseher), Mediterranean T ScerpiBtiapnroui'L.: Trachiauit draw 'L. 

Fcm, Sciesnida (Umberfische). Unilrina oirrhora L., Mcditermnean ; Cm-- 
vina nigra Salv., Mediterranean ; Scusna aqKUla Kiaso., Mediterranean. 

Fum. BDOmberida. Mackerels. Bodj elongated, more or less compreBBed, 
sometimes very high. The akin is often sOTery. and Bometimes naked, some- 
tiines covered with small scales. There are keeled bony plates ;in places, 




especially near the lateral line. The caudal fin usually has a semilunar shape. 
They oonatitute, on account of their tasteful flesh, an important object of the 
fishing indnstry — the Mackerel in the North Sea and the Channel, the Tanny 
Fish in the Mediterronean. Sccmicr /cmnhrii' L., Mackerel ; Zeiit/aier I„, the 
Dory ; TJiynitva milgarh Cut., Vol., Tunny Fish ; Pelami/g tarda Bl., Mediter- 
ranean ; Caranx truehaTuii L,, Horse-Mackerel, coasts of Europe; XipAiai 
gladivi L., Sword-fish ; Echenein »a«<ratci L., SncWng-fish, 
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Fam. Gobiidffi. Cobipa. Gahitu iigi-r 'Road. ; tf./wuiaW/* Piill., Rivers of 
I Italy and of tiuuth-welit Bugsiti. 

Fam. Blaiuuidte. Blennies. Axtuirliiakai Input L., Wolf-Hall ; Slemini 
I eeellani L,, Etutterfly-fisli, Mediterranean ; ZiarpeK vUipurtm t'uv. (fig. (il6), 
L viriparoQS. 

Fam. Tmmoiim. Silvery marine-fisli, with camprea^si, ribbon-like, elon- 
I gftted-like bodv. Traeliyptem falj- Ouv., Val. = TV. ^icBia Bl., 8chn., Nice ; 
1 Cijiola rubrtcrnx L., Band-fish, Coasts of Eoiope. 

Fain, labyrintliioi. The npper pharyngeal boaes are hollowed out bo na to 
I have (he form of coiled (meandering) lamella (tig. 694}, in the spaces between 
I which Ihe water required to keep the gills moist is ret^ned, Auaha* teanAeiu 
I Dftld.. Climbing Porch, Eaat Indies. 

Fam. Fedlonlati. Of stout' clumsy shape. The skin is naked, or covered 
with rough promiueDces, The pelvic tins, wbieh are small and placed on the 
tbroftt (jugular), have their so-called caipal pieces elongated, bo that they fonn 
movable arm-like supports for the body, and are in fact used for hopping and 
creeping. LopAiut pUoat'iriHt L., Angler, Fri^-fish, etc. (^irpax" °f '■''^ 
Greeks), coasts of Europe (fig. 617) ; Cltiroiu'iim pictM Cuv. 

Orilej' G. — Dipnoi.* 

Scaly Fishes loit/i brannfiial and j)idmonary respiration, wilh per- 
I sistent nolocJionl, vmscular conus arteriosus and spiral valve in the 
I intestine. 

The Dipnoi (fig. G18) form a group sO strikingly tmnsitional 
I between Fislies and Amphibians that their lirst discoverer regarded 



I them as fish-like Reptiles, and in more recent times they have been 
I regarded as scaly Aniphibiuna. Intheir external form they decidedly 
' i-esemble Fishes. The head is broad and flat, and has small, laterally 
I placed eyes and a fairly widely-aplit snout, at the extremity of which 
i placed the two nasal openings. EHrectly behind the head are 
I two thoracic fins, which, like the similarly-formed pelvic fins, possess 

' J. Hyrtl, " Lepidosiren jiaradoKa. Eine Monographie." Frag, 1845, 
O. Ktefft, '■ Beschreibiing eiiies gigantnaolien Amphibiuma aus dam Wide- 
! Bay-District in Queensland." 

I A-OUnther, -'Ceratodua und Seine Stelle im BvBtem." Arch, fur yatnrgnmh . 
Tom. XXXVII,, 1871, " 

A, Ganthor, " Description of Ceratodus, a genus of Ganoid Fishea." Phil 
rrnHiact., 1871. 
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a membranoua border supported by rays, or {Ceralwlu»), like the fina 
of tlie CrosBopterygians, consist of a central shaft covered hy scaly 
skill, and of a border provided with rays. The pelvic fiiiB are placed 
far back. In front of the anterior pair of fina there is a gOJ slit on 
either side, above which in the AEiican genua Protopt&-ua {Hkino- 
aryptit) three external gill tnfts are retained til! late in life. In the 
Brazilian genus Lepidoeiren esternal gilla are absent. 

The Dipnoi show themselves to be fishes by the possession of gills 
aa well as hy the est^mal form. There are either four gills (Cera- 
lodm) as in fishes, or their number is reduced. The atractore of 
the skeleton points decidedly to the Ganoids, to which the Dipnoi 
are in other respects closely related. In Lepidoiiren the notochord 
persists as a continiioiis cartilaginous cord, from the fibrous sheath 
of which dorsal and ventral bony arches with rihs pi-oject. In front 
the notochord is prolonged into the base of the skidl, which I'emaina 
at the stage of the primitive cartilaginous cranium. It is, however, 
covered by some osseous pieces. The facial bones of the head are 
much more developed, especially the jaws, whose teeth consist, as in 
Ghimcera, of pei'pendicularly- placed cutting plates or ifieratodiui) 
I'ecall those of Cettraoion. The intestine contains a spiral valve, 
which termiiiateH &% aonie dlHtance from the cloaca. The cloaca 
contains the sexual opening, and the openingK of the ureters in its 
side walls : it opens to the exterior— sometimes to the right side, 
and sometimes to the left, and on its posterior side there is in Lept- 
'loairen an independent urinary bladder. 

On the other hand, the respiration by means of lungs and the 
structure of the heart indicate a relationship to the naked Amphibia, 
The cartilaginous nasal capsules, as in all hi ng -breathing animals, 
open behind into the mouth by apertures, which perforate the roof 
of the mouth, and are placed far forward, dii'ectly behind the extre- 
mity of the snout. The swimming-bladder is represented by two 
sacs (in Ceratodus only one) placed outside the body cavity, ventral 
to the kidney, and opening into the ventral wall of the pharynx by 
means of a short common duct. These sacs function b.s lungri, 
inasmuch as they obtain venous blood from a branch of the posterior 
aortic arch and return arterial blood to the heart by pulmonary 
veins. To this agreement with the Amphibia may be added the 
similar arrangement of the he«rt and the principal trunks of the 
vascular system, the incompletely divided right and left auricles 
and the double circulation. There is a muscular conns arteriosus 
which either has an arrangement of valves like tliat in the Ganoids 
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I {^Ceratotluti) or contains, as in the frogs, two lateral spii-al longitiiduial 
folds, which fit^ at theii' anterior end and effect the division of the 
liamen into two (for the bmnt-hial arteriea and the pulmonary 

Sub-order 1. Honopaeunioiia. The body is covered with large 
cycloid scales (lig. 619 n). Vomtrwith two oblique incisor-like dental 
lanieUs. Palate armed with a pair of lai'ge and long dental plates 
(molars), whicli have a flat undulated surface and five or six sharp 
3. the outer ^de. Lower jaw with two tdniilai' dental plates 
(fig. 619, c). Fins as in the C'rossoplert/gii, with scaly shaft and 
rayed border on each aide (fig. 619. h). The vnlveri 
1 arteriosus rather resemble those of the 
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Brajiohial apparatus formed of five cartilaginous arches and four 
gills. Psendobranchs (hyoidean) are present. The lung is composed 
of two symmetrical celiuJar halves. The two ureterfi open on the 
dorsal side of the cloaca by a common opening. There is a pair of 
wide peritoneal slits (abdominal porea) behind the anus. The Mono- 
jmeumoaa feed on leaves, which they tear off with their incisor teeth 
and masticate with their molars. They make use of the lunga in re- 
spiration principally when the muddy water is saturated with gases 
from organic matter. They have existed since the Triasaic period. 

Fam. Ceratodidie, with the single 5^0119 (.'erafi-dm Ag. C. For»ten Krefft, 
(and mii'lcpii Gitntli.), ihe Barramjuda, Queensland; reaches a len^ith nf »ix 
feet. Its flesh is salmon-like and much usteem.iHl as food. 

8ub-order 2. Sipneumona. Fins narrow, with jointed cartilaginouK 
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shiift and rays only on one fude. Gills more rwhiped. V'fih-ula 
arrangement of conus arteriosus like that in the Batrachians. 

Fam. Lopidosirenid*. I'mtoj/Urun/i-iiiertrna {Sg. SIS) Owp.o,tTopica.lAtric»M 
Lepidniircn jiaradox"' Kitig., Hraiil. 



CHAPTER VI. 
Claw n.— AMPHIBIA, 

Cold-blooded animala unudly vtith a naked skin, with } 
and branchial rupiration, and incomplelely double airavlaUa». 
embryos have neither ttmnion nor ailantois. 

The exteiiial foi'm of the body is adapted both for an aquatic a 
a terrestrial life. It presents, however, contdderable variatiotis lea 




ing to the creeping, climbing, and jumping land animals. An 
elongated, cylindrical, or more compi'sssed form is the most frequent, 
and the body often ends with a large compressed swimming tail. 
Limbs may be absent, as in the cylindrical Ccecllin/iv, which live 
underground in damp earth. In other cases there are only gbort 
anterior hmbs {Siren), or anterior and posterior stumps, which have 
a reduced numbei' of toes and are unable to raise the serpentining 
body from the ground. Even when the extremities have a con- 
radeiuble siie and end with four or five digits, they act i-ather as 
pushing jorgans in the movement of the elongated and flexible 
body. The Batrachians, which have short and stout bodies and are 
without a tail in the adidl state, alone possess powerful limbs adapted 
for running and jumping, and even for climbing. 

The BkLn,'* which 'is of great importance not only as a secretory 

• Wagner, " NatUrliches Syateni der Ampliibien," Munich, 1830, 
DuniiSril et Bibron. " Erpfitologie gfinfimle. etc." Paris, 1831-181)4. 

• Pr. E. Scholse, " Epithel-iind Driiaeniiellen. I. Die Oberbaut dor Fiscbe 
und Ain[)hibien," Arrh.filr aiikraik. Aniitimae, Tom, III. 
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but also as ft respiratoiy orgun, is as 
B. rule naked and slimy. The Cwciliidip. 
I eJone possess thickened cutaneous 
I rings, in which scales are Lmhedileil. 
I The sense organs of the lateral line 
J (fig. 620) also are pi-eseut in the 
I ai^tifttic forms, espetially in the Ifirviil 

■ condition. Glands and pigments ai'e 
I very generally present in the integu- 
I ment. The former often set-rete 
I strongly smelling and caustic juicea, 
I 'which act as poisons on other or- 
I ga,nisnis {^parotid glands, as well as 
I glojids on the sides and posterior 
1 extremities). The variouH colourings 
I of the akin ai-e principally due to 
I bmnched pigment cells of the cutis. 
I The change of colour in the Frogs — 

B. phenomenon which hajs been known 
I for some time^is caused by changes 

n the form of these cells. 
Skeleton. — Although a notochord 

nay persist (CaiaUiidm, Froteiis), yet 
I bony, at first biconcave vertebra;,* are 
Lftlways developed, and are separated 
I by intervertebraJ cartilages. In the 
I Salama/ndrina the cartilage in the 

■ intervertebral regions grows con- 
r iiiderably and gradually supplants the 

lotochord, the remains of which lie- 
come cartilaginous. As the result 
I of further differentiation of the inter- 
vertebral cartilages, the rudiments of 
an articular head and an ai-ticular 
cup ai'e developed, which, however, 
are only completely separated in the 
Batrachians provided with proctelous 



r* Compare especially CGegenbanr, "Uii- 
tersHchangen mr Tergleichenden Anntomie 
der Wirbdsaiile hei Amphibipu und Benti- 
lien," I^ipKi^, 18(>2. 
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vertehiTB.* The nuiul)er of vertebne is usually considerable, in 
aucordance with the elongated form of body ; but in the Batraekut 
the x'ertebral column consists of only ten vertebiiie with very long 
transverse processes, whict usually at the same time represent the 
ribs ; while, with the exception of the first vertebra which is modified 
to foiTH the atlas, almost all the vertehrw of the trunk possess small 
cartilaginous rudiments of ribs. The sacral region is formed by a 
single vertebra, (fig. 621). 

Skull. — The primordial cartilaginous cranium persists, hut usually 
loses its roof and floor, and is partly replaced by bony pieces, some of 
which are ossifications of the cartilaginous capsule {exocfAp'itaU, 
auditory aa^tdeg, &phen~eth-ii>,oid, quadrate), while others are 
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Fie. flSa.— Skull uf Buna iiciitnitii (ufter Ecker). a, from thE dnrsHl, i, from (he veDCml 
side ; [Membtiuie bonea of one Hi{le retuoved in each case]. Oct, eiuoolpital ; Ft, pelmesl 
(prootic) i M, glrdlB-lione or 8[)hen-BHinuiid ; Tj, tympsnlu ; Fp, froBto-pBiietal ; /. 
qTXHdrato-jiigal (Juxal); Xx, maiillBry ; Jio, pnemaiillftry ; IT, Dsaali Fr, para- 
ephenoid; P/. pterygoid ; P^, palatine^ 1', vomer. 

investing bones (parieUdt, frontah, nasah, vomer, paa-asjjiienoid) 
(tig. 622). As in Lepidoairen the basi- and aupra-occipita! remain 
as small cartilaginous tracts. There is also a parasphenoid on the 
base of the skull {fig. 622, Fs). The large exoccipitals (Oel) (fused 
with the opistholio) articulate by means of two condyles with the first 
vertebra, as in the Mammalia. The projecting auditory region is 
piei-eed by the fentstra ovalia, and the Ijone in its anterioi' part 
corresponds to the prootic (Pe). The latei-al walls of the skull 
remain cartilaginous, but in the ethmoid region there is a ring- 
shaped bone— the gii'dle bone, or sphen-ethmoid. 
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As in Lepidoairen the mandibular arch is firmly connected with 
the skull. The mandibular sibapenaorium and the palato-quadrate 
are in direct connection with the cartilaginous cranium, and form 
on either side a wide outstanding infra-orbital arch, the anterior end 
of which either remains free or fuses with the ethmoid cartilage. 
The ossification appearing at the end of the suspensorium gives rise 
to the quadrate, while a membrane bone, almost hammer-shaped and 
overlying the suspensorial cartilage, is called the squamosal or perhaps 
more correctly tympanic (Ty), Two membi-ane bones extend forward 
along the lower side of the palato-quadrate bar — the pterygoid (Pt) 
behind and the palatini (PI) in front. The palatine is transversely 
placed behind the vomer. The outer arch of the upper jaw, formed 
by the proemaxiMa/ry and maxillary bones (Jmx, Mx) may by means 
of a third posterior bone — the quadrato-jugal (J) — be continued back 
to the quadrate, but in many Perennibra/nchiata it is incomplete, the 
maxillaries being absent. The skeleton of the visceral arches is more 
or less considerably reduced in correspondence with the retrogression 
of branchial respiration. In the perennibranchiate Amphibia (Am- 
phibia with gills throughout life) the visceral arches are more 
numerous, and present an arrangement similar to that found only 
transitorily in the larvae of the other forms. In the Salam^ndrina, 
in addition to the hyoid arch, the remains of two branchial arches 
persist ; while in adult Batrachians only a single pair of arches is 
retained on the hyoid bone. This bi*anchial rudiment is attached 
to the posterior edge of the body of the hyoid bone, and serves as 
a suspensorium for the larynx. 

In the pectoral girdle three parts may be distinguished — the 
scapula, the prcecoracoid, and the coracoid, to which a dorsal cartila- 
ginous supra-scapula is added. While in the tailed Amphibia ( Urodela), 
the arch is interrupted below, in the Batrachia the two halves are 
joined to each other in the middle ventral line, as well as to a 
posterior plate which has the value of a sternum, and an anterior 
plate known as the epistemum. The pelvic girdle is characterised 
by the narrow form of the iliac bones, which are attached to the 
strong transverse processes of a single vertebra, and at their posterior 
end are fused with the ischiac and pubic bones. 

The nervous system is higher in several respects than that of the 
fishes. The brain (vol. i., fig. 80) is certainly in all cases small, but 
the hemispheres are large and the differentiation of the thalamen- 
cephalon and mesencephalon is further advanced. The optic lobes 
reach a considerable size, and the medulla oblongata encloses a wide 
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fourth ventricle, The cranial nerves have the same relations a 
the Fifihea, since not only mi* the/acial nerves and the nerves supply- 
ing the muscles of the eye often connected with the trigeminal, but 
the glosectpharyngeal and the spinal acoeesonj ai* represented by 
branches of the vai/us. The hypugloatal is, as in the Fishes, the fii-st 
spinal nerve. 

With regard to the sense organs the two eyes may be rudimentaiy 
and concealed beiieath the skin (Proteus, Cceoiliida!). In the Peren- 
ni6/'ancAM((a eye-lids are completely absent, while the SaiamaTidrina, 
have an upper and tower eye-lid, and the Bairac/iioMS, except Pipa, 
have, besides the upper eye-lid, a large very movable nictitating 
membrane, with which a rudimentary lower eye-Kd co-exists only in 
Bu/o. In the Batrachians there is a retractor mnscle by means of 
which the large bulb of the eye can be drawn back. The structure 
of the auditory organ * of the Amphibia resembles that of Fishes. It 
is usually confined to the labyiinth with three semi-cireular canals; in 
the Batrachians alone theixj is a tympanic cavity, which communicates 
with the pharynx by means of a wide Eustachian tube, and is closed 
externally by a tympanic membiune, which is sometimes freely 
exposed on the surface and sometimes covered by the skill. The 
tympaiiic membHine ia connected with the fenestra ovalia by a amiill 
cartilaginous rod (remains of the hyomandihular) with a cartila- 
ginous plate {colvmidla with operculum.). When there is no tympanic 
cavity these structures are covered by muscles and skin. The cochlea, 
which was tirst discovered by Deiters in the frog, is probably present 
in all A^nphibia. The ol/actori/ organs are always paired nasal 
cavities, which are provided with folds of the mucous membrane 
and open internally either anteriorly within the lips, or, in the 
Batrachians and Salamandrtnes, further back between the raaxillaries 
and palatines. The external skin, which is richly supplied with 
nerves, is to be regarded as the seat of the tactile sense. The posses- 
sion of the sense of taste is indicated by the presence of taste papillsB 
on the tongue of the Batrachians. The Amphibia certainly swallow 
their food unmasticated, and the tongue also subserves other func- 
tions ; for instance, in the Bairaolda it is used as a prehensile organ . 

Alimentary canal. — The mouth is a wide slit. The vomei-s, 
palatines, and jaws are usniaUy armed with sharp backwaiiily curved 
teeth, which are used not for mastication, but for holding the prey. 
Teeth are seldom absent, as in Pipa and some Toads ; but in the Frogs 
they are always present on the upper jaw and palate. 

* Comiiarc esjieciaUf the woika of Deiteiii. Hasse, and Hctsiiu. 
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. respiratory and circulatory organ> i-esemble, in essentifil 
loiiits, those of the Dipnoi, BJid Ntamp the Ainpliibm as connectiDg 
l^.lmka between the aquatic imimitls which breathe by gills and the 
[ ,'higher Vertebi'ates with pulmonary i-espiration. In all cases there 
I ijure two lung sacs, either siniple or provided with cellular spaces ; but 
l~>in addition to these there are, either in the larva or in the adult 
I animal (Perennibntiichiata, fig. 58), three (or four) pairs of gillw, 
which 8ometij»es lie in a cavity covei-ed by a reduplication of the 
skin and provided with an external opening, and Bometimeij project 
freely on the neck as branched or tufted cutaneous appendages, The 
respiratory movements are effected, in the absence of a thora?' 
capable of distension and contraction, by the muscles of the hyi.id 
bone and by the abdomiiiul muscles. The nnpaii'ed air-tulje (trachea), 
which is supported 
iBy cartilaginous 
rods, is usually ex- 
ceedingly short and 
■wide, like a laiyns, 
atid in the Anura 
alone is developed 
to form a vocal 
organ, which pi-o- 
duces loud croak- 
ing sounds and is 
in the male sex fre- 
quently reinforced 
by a resonating ap- 
^paratus, consisting 
of one or two sacs communicating with the buccal cavity. 

As long as the respiration is carried on entirely by means of gills 
the structure of the heart and the arrangement of the princijjal 
arterial trunks are the same as in Pishes. Later, when the pulmonary 
respiration begins, the circulation becomes double and the auricle 
becomes divided by a septum into a right and left chamber, of which 
the right receives the veins from the body, the left those from the 
Inngs. The ventricle, on the contrary, still remains single, and 
therefore contains mixed blood. It leads by a muscular rhythmically 
pulsating conus arteriosus into the ascending aorta with the reduced 
vascular arches. 

In the tii-st period of larval life there are four pairs of vascular 
arches, which sni-round the phajyus without dividing into capillaries 
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and unite beneath the vertebral column to form the two roots of the 
descending aorta. With the appearance of gills the three anterior 
pairs of arches give off vascular loops, which form the system of the 
hi-anchiiU capillaries, while the doi-aal parts of the aithes unite with 
one another in various waya to form the roots of the descending 
aoi-ta (fig. 623). 

The fourth vascular arch, which, moreover, ia frequently a branch 
of the third (Eatrachians), or arises jn a common ostium with the 
latter on the bulbus (Salamander), has no relation to the branchial, 
respiration, and leads directly into the root of the aorta. I 

posterior vascular 
arch which sends 
a branch, one on 
euch side, to the 
developing lungs 
(fig. 624, Ap), 
and so contititutes 
the first rudiments 
of the pulmonary 
arteriea, which 

goon increase in 
size and import* 
ance. In tha 
Pei-ennibranchi- 
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life, btit^^^H 
-achiaod'^^H 
amandeiK^^^I 
□s, whieli^^H 
rtebrotiett^^H 



through life, bat" 
in Batrachiaoii' 

and Salamandi 
the disappearance of the gills is followed by further reductions, whieli! 
lead to the arrangement of vessels found in the higher Vertebrate*- 
With the atrophy of the branchial capillaries the connection between 
the bulbus arteriosus and the descending aorta ia again represented 
by simple arches, which are in part rediiced to narrow canals or even 
do solid cords of tissue (ductus Botalli) (fig. 624 and tig. 59). The 
anterior arch sends off branches to the tongue, and also the carot 
at the origin of which there is a sweUing — the so-called carotid 
(fig. 624). The two middle arches form the roots of the deseeni 
aorta and bninches may be also given off from them to the head, 
posterior arches, which at their origin are often fused with the pi 
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I ing, give rise to the 
I ptilmonary. arteries, 
narrow ductus 
I Botalli, the lumen 
of which, is some- 
times obliterated, 
being usually re- 
tained. Vessels fur 
I the head and oeci- 
I pital region are nf- 
given off from 
the roots of the 
aorta. In the Ba- 
tiacbiB,ns, which, in 
consequence of the 
union of the two 
posterior branch] iil 
arches, possess only 
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root m 



the J 
the 



pro- 
of the 



middle arch on eiieh 
ade, and give^ off 
the vKsela of the 
Bcapular region and 
the anterioi- ex- 
tremity, and often, 
also, on one side an 
artery to the viicei-a, 
(mesenteric artery). 
The posterior ai-ch 
sends off the pul- 
monary arteries and 
a strong trunk to 
the skin of the back, 
but does not retain 
its connection with ci™cs 
the roots of the uinTsa 
aorta. As in Kahes, 
there is a renal-portal systei 
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Hie lymphatic vessels nf the Aiuphibk iit'Miuptiny the lilood- 
vesdcls us plexuses, or as wide lymphatic aiiiuaeu. In iiertftin places 
tliB lymph receptacles are I'hytbmically conti-actile, ami have the 
value of lymph heaitB. In the Sdlamanders tmd Froga tbei-e are two 
lymph hearts tieneath the dorsal integument in the scapular regiuii, 
and two close behind the ileum. Of the viiscular glands the most 
noteworthy are the thi/iiiv^, which is always paii-ed, nnd the spleen, 
which is never aiisent. 

The urinary orgEUiB (fig, 625) are paired kidneys, the numerow 
collecting tubules of which enter the ducts of the primitive kidney { 
these open on wart-like protuberances on the dorsal wall of the cloaca, 
The urinai-y bladder is an unpaired diverticulum of the ventral waU 
of the cloaca ; it in usually bifid at it^ free end. 

In all cases there is a close relation between the urinary organs 
and the efTerent ducts of the generative oi^ns (tig. 6!J5). As in 
the higher Veilebrates the primitive kidney (Wolffian body or 
mesonephros) in part becomes the epididymis and the efferent 
apparatus of the testis, so also in the Amphibia a part at least of the 
primitive kidney, which in these animals persists as a urinary organ, 
functions as epididymis. The vasa efferentin sink into the kidneys and 
hecome coonected with the urinary tubules, and thus conduct their 
contents, usually by means of a common duct, into the terminal 
|K>rtion of the duct of the primitive kidney, which fiiactions as »- 
uiwgenital diict. In the Salaiiianders there are, in addition, glands 
called prostate glands on the wall of the cloaca. In the female 
sex the Miillerian duct, which is rudimentary in the male, asBumes 
the function of oviduct. This duct begins with a free funnel-shaped 
dilated opening into the body cavity, takes a sinuous course, aud opens, 
often after forming a uterus-like dilation, with the urinary AvuA 
IftteraUy iuto the cloaca, in the wall of which, in the Salamandrifm-. 
according to v. Siebold's diswivery, saccular glands functioning 
seminal I'eceptacles are placed. A complete hermaphroditism see: 
never to occur, although in the male Toad, especiaUy in Btifo 
variabilM, rudiments of the ovai'ies have been found 

Males and females are often distinguished by their size and colour, 
and also by other peculiarities {vocal sacs), which are especially pi 
minent at the breeding season in spring and summer. In tpite (A 
the absence of external organs of copidation, sexual intercoui'se takes 
place, but it usiuiUy consists merely of an external approximation of 
the two sexes (Batrachians), and has for its consequence a fertiltaaticw,] 
of the eggs outside the body of the mother. The male Salamai 
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ulone have eopolatory orgaoK in the form of the swnlleii lipf of the 
(.'loBCa, which during copulation clasp the cloacal aperture of the 
femiile, and thus render an internal fertOization possible. In this 
cise the eggs can undergo their development within the liody of the 
female, and the young be bom at a naoi-e or less adranoed stage of 
development. 

It is only in exceptional cases that the parents have an int^tinct 
whinh leads them to watch over the further fate of their brood, as 
for example Alytet (tig. 636) and the South American Suiinam 
Toad (Pipa dortigtfra). The male of Alytes winds the string of eggs 
round itR hind legs and buiTows into the damp earth, and only gets 
rid of his load when the embryonic development is uomplet«d. The 
male of Pijia places the egga when laid on the back of the female, 
which then develops a celMike pouch round 
eacli egg. The larvip are hatcheil and undergo 
their metomorphoRis in these pouches. In 
other genera, as Notodelphi/s, the females 
possess a spacious brood-sac beneath the dor- 
sal integument. Except in these nises, the 
eggs ai'e either attacheii singly to water pkuts 
{Tnlmmio!) or laid in Btrings op iiregulur 

Development. — The eggs, which are rela- 
tively small, "^ undergo iin unetjual segraeutji- 
tion (vol. i., fig. 104) after fertilization. The 
Amphibia agree with the Fishes in not ' 
developing an amnion or allantoic — the «»'i""'"'''"^''""'W'""sk"- 
embryonic membranes of snch importance in the higher Verte- 
brates. In the Amphibians, however, the urinary bladder which 
arises from the ventral wall of the cloaca is morphologically equiva- 
lent to the allantois. The embryos are also without oiiy external 
yolk-sac constricted off from the body, the yolk being enclosed at an 
eai-ly period by the ventml plates. Aa respiratory organs gilb are 

' C. E. T. Baer, " Ucber die Entn-ickelongBgescliichte der Thiere,'* 11., 
Eouigsbei^. 18ilT. 

Heicliert, " Dae Entwickelangsleben im Thierreieh," Berlin, 1840. 

C. Vogt, " Unterauohaiigen Sber die EntH-ickelangreKeschiohtc det G«burlH- 
holferlirtJte," Solothuro, 1812. 

Bttsconi, " Hiitoira naturelle, d^veloppement et metamorphose <1g la Sala- 
Dundr« terrestre," FiuIb, 1 S5i. 

A. GStt«, " KntwiokelnngsgeBchiPhW der Unke," Leipzig, 1874. 

0. Hertwig, •■ Die Entwickelung den mittleren KeimblatteB der Wirbeithiere," 
Ji-». matumi"!. ZHttchr.. Tom. XV., 1881. 
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developed on the visceral arches ; they Tisually only reach their full ] 
development in inrval life. The young ai'e always Latched at a 
early stage, and undergo it metiimorphosis. The larva when hatched 
recallB the piscine type by the laterally compressed Bwimming tail, 
and by the poBseasion of external gills (fig. 627) ; it is still without . 
the two pairs of limbs, which only sprout out as the growth of the. 
body progresses. During these proceaaes the lung sa«s which havej 
grown out on the pharynx begin to function, sometimes (Balrachia) 
after the externa] gills have been replaced by internal branchial 
leaflets covered by the skin, and a bi-anchial slit has been formed on 
the side of the neck to allow of the exit of the water (fig. 111). 
Finally the branchial respiration is completely lost in consequence . 
of the atrophy of the gills and their vessels, the tail becomes shortM I 
and shorter and finally, in the Balrachia at leaat, completely vanishoa. A 
In the other groups the later or earlier phases of the developmental;! 
series are maintained throughout the whole life; thus in th9ii| 




Salamundriniii the tail, and in the Perennibranc/iiala the gills also, 
or at least the external gill slits (Herotrema) persist, and the extre- 
mities remain rudimentary, or even the anterior pair alone are 
developed. Accordingly the series of forms indicated by the classifi- 
cation of these animals offers a, strikingly close parallel to the suc- 
cessive phases of the developmental history of the individual forms. 

The Amphibia frequently live in water only during larval life; 1 
as terrestrial animals in the adult state they choose damp shady^ ■ 
places near water, since the cutaneous respiration necessitatee in all' f 
a, moist atmosphere. The food almost always consists of inaecte and A 
wormsj but in larval life principally of vegetable matters. The need I 
of food is, however, relatively small, in correspondence with the low \ 
energy of the vital processes, with the sluggishness of their move- I 
ments and psychical manifestations. The Amphibia can live few 1 
months without food, and, as for example the Balrachia, hibernate \ 
buried in the mud. 
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Fossil remaina of this group first appeal in the Tertiajy period, 
with the exception of the extinct family of the Lah'/rinthodtinta 
(Ma»todonaaM7-us) which belongH to the Trias. 

Order 1, — Apoda* (Gymhophiona). 

Vermifonii Ampkibht covered loith email gcales, withoiil limbs, 
iMih biconcave vertehriK. 

The external ultiri of the GymiMpkiona, which were for a long 
time classed with the Snakes, contains small ecalea which are arranged 
in transverse rings (fig. 628). The internal organisation and the 
tmnsitoiy branchial respiration, however, plat'es them amongst the 
Amphibia, of which group they are in many respects, the most lowly 
organised. This is especially the case with the skeleton, which ia 
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distinguished hy the biconcave form of the vertehi'ie and the per- 
sistent uotochord. The hony skull, which hae two condyles, is lirmly 
united to the facial bones, of which the miixillfe and palatines bear 
■ small backwardly-cnrved teeth. Pectoral and pelvic girdles and 
limbs are entirely wanting. The small slit-like mouth lies on the 
lower side of the conical head. The two nares are placed in front on 
the snout, and neai- them a blind pit on each side is visible in several 
genera. These eo-called faLse nares (like the cephalic pits of snakes) 
lead into canals, which are regarded by Leydigt as sense organs. 

The eyes ai* always small in con'espondence with the Bubterranean 
mode of life, and are only visible through the skin as amall specks. 
There is neither tympanic membrane nor tympanic cavity. 

The 6i/mnophiona live in South America and the East Indies, and 
feed principally on Worms and Insect-larvfe. Job. Miiller was the 
first to show that CoxUia glutinoga possesses, in the larval period, a 
gill slit on each side, which leads to the internal gills. Aocording to 
Gervais, CtecUia eompressicavda is bom without a trace of branchial 
apertures, and Peters has recently confirmed this assertion. Peters, 

• Joh. Muller, " Beitriige zur Anatotnie nud Natm^eschicbte der Amphi- 
bien," TreTiranns ; ZeiUchr. far Phyn., Tom. IV., 1832. 

B. Wicderaheim, " Die Anatomie der Qymnophionen," Jena. 1879. 

f Fr. Lejiiig, " Ceber die Stbleichlurche (Coscilia). Ein Beitriif; but anato- 
nuBchen Kenntniss der Amphibien," ZriUehr.f^ tci». Znot, Tom. XVIII. 



however, observed oo the neck of the recently- bom youug, which J 
are deposited in water, large vesicles which he regarded aE gills. 

Fan]. OOBoUiidSB. Cairiliii liimhrifrndra Dflud., SoQtb America ; Sip&otui 
mtxieiiim Dnm. Bibr. (fig. e2S) ; 3. annnlala Wagl., Braiil ; EpirHimi WagL, I 
Ceylon. 

The extinct Labyrinthodonta of the Triassic, the Permian, and 3 
the Carboniferous formationy must be regarded aa a special order of 1 
Amphibia. They unite in a remiirkable maimer the characters a 
the Ganoids and those of the urodele Amphibians. They possesBod j 
an external dermal skeleton, consisting of three broad bony thoracic ] 
plates and small scutes on the abdomen, amphicoslous vertebrtp and 
peculiar folded teeth (hence the name of the group) in the Oroeodile- 
like jaws. It has also been shown that they possessed branchial 
arches in the young state (.IrcAejosaitfits). The footmarks of gigantic 
animals {Chirotheriwni), which have been discovered in the Bunter- 
eandstein in England and Germany (Hildburghausen), and which | 
some have ascribed to Clielonia and others to MareupiaU, are pi-o- 
bably due to the Lahyrinihodonta. Owen has distinguished the I 
oldest forms with armoured skull aa Ganocepliala. Ankegoe 
Decheiiii Goldf,, Labijrinthodon SUtimei/eri Wied. 
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Order 2. — Cal'Data* (TJrodela). 

Elongated Amphibia with naked akin, vtualli/ with four ultoH limbs , 
and persistent tail, with or loithottl external gills. 

The body, which is naked, ends with a long, usually laterally 
compressed, swimming tail, and possesses as a rule two pairs of short j 
extremities far removed from one another. These limbs effect the | 
relatively clumsy movements of the animals on land, but ij 
ming are used in a much more effective manner as oars. The j 
posterior limbs are completely absent only in exceptional ■ 
{Siren) while the anterior limbs remain as short stumps. 

Some Urodeles {PerennibrantAiata) possess throughout life three A 
pairs of bi-anched external gills, in addition to the lungs. Others 1 
indeed cast off the gills in the course of their development, but J 
retain throughout life an external gill slit on each side of the neck J 

* Daadin, " Histoire natnrelle g6n. et partic. des Heptilea," Paris, 1803 to-d 
1S04. 1 

Aug. Dum^ril, " OhservRtions eut la reproduction dans la menagerie det J 
Reptiles du Mus^e d'hiet. nnt. dcs Axolots, etc., but leui dSveloppement et but 
leura m^tamorphoBea,'" Xuur. Arch. d« .Vw»A' iThitt. nat. dr Pari*, II., 1860. 

Alex. Straucn, " EaTisiun der SalamaDdridengattungen," Petersburg, 1870. 
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(Derotrenia). Many, however, even completely lose the latter, and 
show themselves by their whole organisation to be the highest mem- 
bers of the order (ScUamandrina), In the two fii*st cases the vertebrae 
are biconcave, like those of the Fishes, and enclose well-preserved 
remains of the notochord. The fully-developed Salarnandrina, on 
the contrary, have vertebrae with an articular head in front and a 
concavity behind (i.e.y are opisthocoelous). 

The eyes, which are small and sometimes rudimentary, are placed 
beneath the transparent skin, and except in the Scdamandrina are 
without distinct lids. In all cases the auditory organ is without a 
tympanic membrane and tympanic cavity. The nasal apertures are 
placed at the end of the projecting snout, and lead into slightly 
developed nasal cavities, which communicate with the buccal cavity 
by openings placed far forward in the roof of the mouth immediately 
behind the maxillae. The buccal cavity is armed with small sharp 
hooked teeth, which on the lower jaw are arranged in single rows, 
but on the upper jaw and often on the palatine bone are in double 
rows. Almost the whole lower surface of the tongue is attached to 
the floor of the buccal cavity. 

The life history of the Axolotl, which was taken by Baiid, Cuvier, 
and others for the larva of a Salamandrine, is very remarkable. 
According to the observations which were made by Dum^iil in the 
Jardin des Plantes at Paris, the young reared from the eggs of the 
Axolotl under suitable conditions lose the gill tufts and develop 
into a form which agrees with tbe Salamandrine genus Amhlystoma, 
while the specimens which wei'e originally introduced from Mexico 
preserve the Perennibranchiate form in the sexually adult condition. 
Species of Triton also have occasionally been found with perfectly 
developed gill tufts in the sexually adult state. 

Sub-order 1. Ichthyoidea."^ 

Urodda with three pairs of external gills or without them^ hut with 
persisting branchial aperture ; with fish-like biconcave vertebrce and 
well-preserved notochord. 

The Ichthyoidea represent the lowest gi'ade among the Urodela 
with regard to their respiration, the structure of their skeleton, and 
their whole organisation ; and to a certain extent represent persistent 
developmental stages of the Salamujmdrina, The eyes are small, and 

* Configliachi and Kusconi, " Del Proteo anguino di Laureiiti,'' Paris, 
1819. 
Hyrtl, " Ciyptobranchus japonicus," Wien, 1868. 
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WR covered by the transptirent integument. The palatal I 
(tViVen) are arranged in i-owh like the teeth of some Fishea, or form al 
curved arch at the anterior end of the palatine bones. The estre-B 
iiiities also are weak and reduced; the anteiior end with three or J 
four digits, and the posterior with two to five jointed digits, 
digits may, however, be rudimentary and be without distinct joi 

Amongst the Tertiary remains of this group the gigantic AndrL 
Sckeuchzeri, which beciime famous as Homo dilwvii testis, is wo 
of remark. 

Tribe 1 . Perenaibraneliiata, With perastent gills, usually yt 
out mamillary bones. The vomer and palatine bone with row 
teeth. 

Fam. BlreaidiB (Anninolche). With elougatedeel-likebofiyandrudimentary.J 
Biiterior limbs, without posterior limbs. Siren Ineertina L., Sonth Caroliiut-j 

Fam. Proteidie (Olme). Body elongated and cylindrical ; aater 
eliurt. with three digits ; hiijd limbs placed tat back, with two digits. Only^ 




two gill alita on each side. JVntnw a»ifuiiieita Laiu. Flesh-coloured and liring' I 
in the subtBrraaeaii waters of Camiola and Dalmatia. 

Fam. Kenobriuioliida. Boily elongated, with tolerably broad bead and four- J 
toed limbs. There are four gill alita on each side, Mitvihranahiu la>.ralii Say^* 
Mississippi (fig. G29). Fiolsbl; holds the same relation to the geaus .ffattu. ] 
clma^s Bonap. that Sirrdon does to Aaiblyitonta (Cope). Siredon pite^iirtHitM 
Bhaw, and tnaeufatn' Bsiird., Axolotl. The eggs are laid in the water eitbef-fl 
singly or in masseB. The larviB, when hatched, are Irom fourteen te sLiteen mm, ■ 
long, have three pairs of giUa, and are still without limbs. Under saitable- J 
eoaditions thej lose in the course of further development (according to DumSril, l" 
whose observations have been several times confirmed) the gill tufts, the dorsal ll 
and caudal crests, and asstmie the form of AmilyHiima (second sexual form). 



Tribe 2. Serotrema. Without gill tufts, usually with a branabial 1 

aperture on each side of the neck, with maxillary bones, and teeth 1 
which are usually arranged in one row. 

Fam. Amphininidie (Aalmolche). Body elongated eel-shaped, with short I 
extremities far apart from one another. Amphiutna L.. A. tridactylvm. Cut. T 
(yt. wcaiiK L., \Tith but two digits), Florida. I 

Fam. Itanopomidn. Of Salamander-like appearance, with four anterior and' ■ 
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five posterior digits. Menopoma alleghaniptise Harl.. Pennsylvania and Virginia ; 
OryptohrancUus japoni4^Ui< v. d. Hoe v., more than three feet long, Japan. 

Sub-order 2. Salamandrina.* 

Withorit giUs or giU aperture, with valve-like ei/e-lids and opisthocoe- 
Urns vertebroi. 

The body, which is shaped moi*e or less like that of a Lizard, is 
without external gills and gill-slits in the adult state, and always 
possesses anterior and posterior extremities, of which the first usually 
have four and the latter five digits. Well-developed eyelids are 
always present. The palatal teeth form two rows, which unite in 
the middle line at the posterior margin of the palatine bone. The 
skin is moist and slimy, and has a more or less uneven warty appear- 
ance, owing to the presence of a number of glands which secrete a 
pungent and irritating milky fluid. These glands are sometimes 
especially aggregated in the region of the ear. 

The Aquatic Salamanders (Newts) lay fertilized eggs on plants. 
The Land Salamanders, on the contrary, are viviparous and deposit 
their offspiing, which pass through their metamorphosis more or less 
completely in the uterus of the mother, in water. The spotted Land 
Salamander produces thirty to forty larvae, each twelve to fifteen 
mm. long, with four legs and external gill tufts, while the black 
Land Salamander of the higher Alpine regions bears only one [two ?] 
completely-developed offspring. In the latter case, of the numerous 
eggs which enter the two uteri, only the lowest on each side 
develops into an embryo, which derives its nourishment from the rest 
of the eggs which run together so as to form a common mass, and is 
able to undergo all the stages of development within the uterus. 

Fam. TritonidsB. Aquatic Salamanders or Ne^^'ts. Of slender form, with 
laterally compressed swimming tail. Triton oristatus Laur., large Newt. Tr. 
alpestris Laur. {iffneus Bechst.), (Bergsalamander). Tr. taeniatns, Schn., small 
Newt. 

Fam. SalamandrinsB. Land-Salamanders. Clumsy body, with cylindrical 
tail. Salajnandra maculosa Laur., the Spotted Salamander ; distributed over 
almost all Europe to North' Africa. S. atra Laur., Black Salamander, in the 
high mountains of South Germany, France and Switzerland. 

♦ Busconi, " Amours des Salamandres aquatiques," Milano, 1821. 

Kusconi, "Histoire naturelle, d6veloppement et metamorphose de la Sala- 
mandre terrestre," Paris, 1854. 

V. Siebold, "Ueber das Beceptaculum seminis der weiblichen Urodelen." 
Zeitsehr. fur rviss. Zool.. 1858. 

Ft. Leydig, " Ueber die Molche der wiirtembergischen Fauna," Archiv fur 
Naturgetseh.^ 1867. 

K. Wiedersheim, " Salamandrina perspicillata und Geotriton fuscus, etc.. 
Genua, 1876. 
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Onler 3, — BATRiOHiA* = Aniira. 

Amphibia of etovit form, mitk naked skin, without tail, loilh 
arehue vertebrae a-nd well-developed extremities. 

The body is short und stout and ia without a tail. On the ht 
are the wide mouth and the larg« eyes, the iris of which 
golden lustre. The eye-lids are well developed, and the lower, whii 
is tran!!ipa.rent, can be drawn as ii nictitating membrane complete] 
over the eye. The nasal apertui'es are placed far forward 
extremity of the snout, and can be closed by membranous valvi 
In the auditory organ there is generally ii t3Tnpaiiic cavity, whii 
conununicates with the buccal cavity by means of a short wide E 
cliian tube and is bound estemally by a large tympanic memt 
which is sometimes free and is sometimes concealed beneatb the 

Only ft few of the Batrachia are without teeth (Pipa, Bv/o) ; 
rule there are small hooked teeth airanged in simple rows at least 
the vomer, in the Fi-ogs and FelobatidtE, on the maxillaries and pi 
maxillaries also. The tongue is abaeot only in a small group of exi 
forms ; it is usually attached between the rami of the lower jaw 
such a way that its posterior part is completely free, and can b& 
protruded as a prehensile organ from the wide mouth. 

Ribs are, as a rule, absent, but the transverse processes of thiSu 
doi-sal vertebrffl attain a considerable length. A pectoral and peh 
gii'dle is in nil cases present. The former is distinguished by 
firm connection with the sternum, the latter by the atyliform 
elongation of the ilium. The hyoid bone in its definitive form 
considerably simplified ; the body, is supported by large anterior 
horns, while the branchial arches on each aide are reduced to 
single posterior horn. 

In the skin, which is usually naked, glands with an acrid milky 
secretion are often aggi-egated in many places, especially in the regii 
of the ear, where they form large glandular projections {parotid). 
Glandular aggregations occur also on the middle divLsion of the hind 
legs {Bttfo caiamita) and on the aides of the body. 

* Riiael von Rosenhof. " HJaturia uKturalia i'e 
1768. 

Dandiu, " Histoire natiueUc des Rsdnctl^s, des OreaouUliis et di 
Paiia, 1802. 

Busconi. "Jl^yeloppement de la grenonille coramiuie," llilano, 1 

0. Brucb, " Beitr^ge zur Natuifieschlcbte and Classificatioii der uacktenl 
Amphibien," Wiinl. natv.nKvit. Zeittehi:, \&62. j 

r. Bruch, '■ Neae Beobachtangen zur Natni^eschicbte dcr pinheimischen j 
Batra/'Mer,'* tlwrrS. natarn^iii. Heit^r.. ISfiS. 

A. Eckel', " Die Anatomic des Frosche?, '' BraoiiEcliwuig, I8f>4. 
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Eaproduction takes place in the spring. Copulation is confined to 
an external approximation of the two sexes, and almost always takes 
place in the water. The male, which sometimes has a wart-like 
elevation on the thumb [Rana) or gland on the arm (Pelobates) 
embraces the female from the back, usually behind the front limbs, 
and pours out the seminal fluid over the spawn as it issues in strings 
or in clumps. The individual eggs are surrounded by a viscous layer 
of albumen which swells up in the water. 

The upper half of the ovum is of a darker colour than the lower. 
THie process of segmentation begins in the upper part, and the con- 
strictions which lead to the formation of the segmentation spheres 
proceed more rapidly in this region than at the lower pole. With 
the end of segmentation a cavity — the segmentation cavity — appears 
in the mass of cells ; it is placed nearer to the upper pole than to the 
specifically heavier lower pole. The germ [blastoderm], with medullary 
plate and folds, arises on the upper half ; it quickly, even before the 
closure of the medullary canal to form the medullary tube, grows 
round the yolk. After development of the branchial arches and before 
the mouth is formed, the embryos which have a short tail leave 
their egg membranes as tadpoles at a stage of development which 
varies with the species. They then attach themselves by means of 
two suckers to the gelatinous remains of the spawn (similar suckers 
are present on the throat of the Triton-larvse, where however they 
are stalked). Most larvae leave the egg membranes with more or less 
developed rudiments of three pairs of branched external gills (vol. i., 
fig. 111). The body gradually increases in length and the fin-like 
tail developes. Later the mouth is formed and the larva begins 
to feed. Soon the external branchial appendages disappear, while 
the skin grows over the gill slits like an operculum in such a manner 
that only one gill aperture is left, through which the water flows out 
of the branchial chambers on either side. 

During these processes fresh lancet-shaped gill-plates are developed 
in double lows along each branchial arch. The mouth is armed with 
a homy beak, which is used in gnawing vegetable and also animal 
substances. The intestine has become very long and much coiled, 
and the lungs have grown out of the pharynx in the form of long 
sacs. As development proceeds the hinder extremities first make 
their appearance on the body of the Tadpole close to the attachment 
of the strongly-developed swimming tail. As the pulmonary respi- 
ration increases, the branchial apparatus becomes more and more 
reduced, and the animal undergoes an ecdysis, with which is con- 
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necteil not only the loss of the internal gills, but also the n.ppeai'aace fl 
of the anterior extremities which have heen long concealed beneath 
the skin. The homy beak is now cast off, and the eyes, which have 
hitherto been concealed beneath the skin, appear on the surface, and 
are of considerable size. The larva haa now become an exclusively 
air-breathing, four-legged Frog, which has only to lose its swimming 
tafl in order to acquire its definitive form and be fitted for its 
terrestrial life (vol. i,, fig. 113). 

Some Batrachia are true land animals (Toads and Tree-Froga), J 
which especiaUy love dark and damp hiding places ; others livft J 
indiiierently on land or in water. In the first case the five toes of 1 
the hind feet are either entirely without a connecting membitine ofM 
e ; exceptionally (Pelobates), howeveiv. J 
In the second case, on the contrary, J 
the hind feet are, as a rule, com-f 
pletely webbed. The land Frog»l 
usually seek the water only at fl 
spawning time; they crawl, run,! 
and hop on the land, or dig pasNageA J 
and holes in the earth {Pelobatet^ I 
Alt/tes), or they nre able to climb I 
up shmba and trees by means of J 
suctorial discs on the ends of thei^g 
toes (Dendrobaies, Hyla). 

Tribe 1. Aglossa. Batrachia witk.ij 
fc out tongue. The tympai 

e is not exposed. The eyes ara I 
placed anteriorly near the angles c&M 
the mouth. The hind feet have * 
entire webs. They live in hot locali- 
ties, especially of the New "World. 

Fam. Fipidn. Body to.id-likc, flat, without teeth on jaw-s and palate. J*yi« 
dai-tigera Scbn., Surinam Toad. 

Fmh. Dactylethricln. The hodj is more frog-like, with teeth on 
laries and pn^maxillariea. Xrnopv* CDactfflet/lra) capcntu Cuv. (ErallenffONdOir-l 
(fig. B30); Myobatrachv* paradaintii '6cbXe^. 

Tribe 2. Oxydaotylia. Batrachia with freely movable tongua I 
and pointed fingera and toes. 

Fam, B&aidn. Water-Frogs. Batrachians with long hind limbs, which are j 
adapted for jumping, and the toes of which are nsually connected by e 

Tiierc ate small hooked teeth on the masillaries, pr». J 




:. e^.—DaelsMXra capeaiii. 
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maxillaries, and usually also on the vomer. Ratia esculenta L., the green Frog. 
Green with dark spots and yellow longitudinal streaks on the back. The male 
has two vocal sacs. Leaves its place of concealment at the end of April, and 
spawns at the end o£ May or the beginning of June. On the banks of stagnant 
water. M. temporaria L., the brown frog, with dark spots on the head in the 
auditory region. It appears very early, and copulates in March ; but only 
remains in the water to spawn, and then frequents meadows and fields. Steen- 
strup has divided this frog, which is widely divided over Europe, into two 
species (Jt. oxyrhma, platyrliina). JR. itiugiens Daud., Bull-frog, North America ; 
Psettdis paradoxa L., South America, distinguished by the size of its larvae. 

Fam. PelobatidsB. Land-frogs, Toad-frogs. With more or less warty, rough, 
and richly glandular skin, and clumsy toad-like form ; with teeth on the 
maxillaries. Alytcs ohstetricam Laur. (fig. 626) ; Pelohates ftiscus Laur. ; 
Bomhinator igneits Rbs. (Unke, Feucrkrote). 

Fam. BufonidsB. Toads. Of clumsy build, with warty glandular skin (ear- 
glands) and toothless jaws. The posterior feet have five digits, and are but 
little longer than the anterior, so that the animal is unable to spring with the 
same agility as the Frogs ; but they can in many cases run with great speed. 
JSufo vulgaris Laur., the common Toad ; B. vh-idis Laur. (variahilis)^ the green 
Toad ; B, calamita Laur. (Kreuzkrote). 

Tribe 3. Discodactylia. Batrachians with tongue and with broad 
digits, the points of which are provided with suctorial discs. 

Fam. HylidsB. Tree-frogs. With maxillary teeth and without parotids. 
Hyla arborea L., Tree-frog, cosmopolitan ; Notoddphys ovifcra Weinl., 
Mexico. The female has a brood-pouch on the posterior part of the back. The 
larvae have bell-shaped external branchial vesicles. Phyllomediisa hicolor Bodd., 
South America ; Dendrohates tinctorius Schn., Cayenne. 



CHAPTER VII. 
Class III.— REPTILIA.* 



Scaly or armoured cold-blooded animals with exclusively pulmonary 
respiration amd two ventricles incomjyletdy separated from one another. 
Embryos with an amnion and an allantois. 

The body-form of the Rej)tilia varies far more than does that of 
the Amphibia^ but repeats on the whole tlie types described for the 
latter class. The trunk still plays the principal part in locomotion, 
and accordingly the vertebral column presents a uniform segmenta- 
tion adapted for serpentine movements. The body, except in the 

* J. G. Schneider, ** Historia Amphibiorum naturalis et literaria." 1799 to 
1801. 
A. GUnthcr, " The ReptDes of British India," London, 1864. 
E. Schreiber, " Herpetologia europsa,'* Braunschweig, 1875. 
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Tortoises, ia elongated niid more oi* less tjlindvieiil, aiid is eitherf 
altogether apodal, as in the Snaken, or is pi'ovided with tw 
extremities, which as a rule serve only to support and push on the' j 
Iwdy which glides along the giwund on its belly. In ooiTespondent 
with this mode of locomotion a cervical region is scarcely at aU'l 
markeil, and even when more developed is always relatively rigid ? ■ 
the tail on the other hand is long and movable. 

The skin, as opposed to the predominating soft and naked tikin of '' 
the Amphibia, ia tough and firm, in consequence of oasificotions of 
the cutis aii well as of a comiiication of the epide:'mis. The former 
may give rise to bony scutes, oveilapping one another in a tectifonn 
mannei' (A'cincoidea), or to larger bony plates, which constitute a 
hard, moi-e or less continuous, deiinal armour {Crocodilea, Tortoises). 

In general pigments are present in the dermis bs well as in the 
deeper layer of the epidermis ; they determine the divei-se colouringr-J 
of the skin, and sometimes cause a true change of colour (green ff 
Ti'ee Snake, Chaina-leon). Cutaneous glands ai'e also widely distri- 9 
huted among the Reptiliii. Many Lizards in particuhir possess row» .] 
of glands on the inside of the femur and in the anal region, which 1 
open by distinct pores sometimes on wart-Uke pi'otuberonces (femoral | 
pores, anal pores). In the Crocodiles, too, larger groups of glandftfl 
are placed beneath the dei-mal ai'mour both at the sides of the a 
and on the sides of the mmi of the lower jaw. 

The skeleton only exceptionally presents the embryonic form of ail 
cartilaginous ciiuiial base and persistent notochord. The vei-tebrai'J 
column is more distinctly divided into regions than is that of the 1 
Ampltibia, although the thoracic and lumbar regions stiU allow of na,] 
sharp limitation. In the cervical region the first vertehra beeomeij 
the atlas and the second the axis. "While fossil Hydrosaurians onda 
the Ascalahota possess biconcave vertebra?, tlie vertebral bodies ofta 
other Reptiles are always bony and generally proctelous. 

iUbs ai« veiy generally present, often along the whole lengUi" 
of the trunk. In the Snakes and the snake-like Liaii'ds, 
in which a sternum is absent, all the vertebra; of the trunk 
with the exception of the atlas beai- riljs, which, to compensate 
for the absence of limbs, ai-s capable of free movements. In th» 
lizards and Crocodiles (fig. 573) thei-e are short cervical ribs. 11MI*| 
thoi'acic libs are joined to a sternum by means of special stemoeostaXa 
pieces. In the Crocodiles there is in addition an ithdominal at 
which extends ovei' the belly to the pelvic region, and is comp( 
of a numbei' of venti-al ribs (without dorsal part). The i 




e usually two, luive 



Ivertebjie, of which there a 
process&s and i-ibs. 
The skull (fig. 631) articulAt«M with the atlas by means ot nn un- 
paireil, often trifid condyle of the occipital bone, and presents a complete 
ossitication of nairly oU its parts, the primordial craoium being almost 
completely replitced. In the oceipitii! region a 
pr 
ba 
th. 
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rf 
th. 
». 



» 



present as bones ; but the 
baai-oceipital (Tortoises) nnd 
the supra-occipital (Ci'oco- 
diles and Snakes) may Ije 
excluded from the boundary 
of th&Jbra/men magnum. In 
tie peiiotic capsule there is 
A fmiMlra rotitndn, as well 
as the fenestra ovalis with 
the columella. The optsthoHe, 
which nanally fuses with the 
exoodpital, takefi part in 
bounding the fenestra ovalia 
(in the Tortoises the esoeci- 
pital and the opistliotJc ni'e 
separate). 

The proottc, on the other 
hand, is separate in all Rep- 
tiles; at its anterior thei-e is 
in front of the lateral parts of 
the occipital region a separate 
proolic, at the front margin 
of which is the foiamen for 
the third branch of the tri- 
geminus. The epiot'iQ is 
fufted with the supra-occipi- 
tal. The anterior e.tpansion 
of the cranial capsule, and the development of the sphenoidal region, 
pi-esent considerable differences. At the base of the sknli thei* is a 
bitaiap/tenoid in place of the pa/rasphenoid. The alisphenoida mid the 
orliitogphenoida are as a rule wanting, and are often replaced by pro- 
cesses of the parietals (C/ielonia) or of the fronto-parietals {Ophi'dia). 
In the C/ielonia and Lizards there is a large membranous intei-orbital 
septum, which may also contain ossifications. The bones of the roof 
of the craniun] are always veiy large^sometimes paii-ed, sometimes 





of Afanilor {after GegBnbsnr). a, 
from above. 1, from below. C, oocipital condyle j 
On, supra-Mcipiliil i Ool, eioccipilnl; Oel, b«ai- 
ocdpital ; P, parietal -, Fi; frcmtaJ ; P/, poat- 
frontal 1 Prf, pncfraouit! L, laoTmaL; Jf, naul; 
Sf, aqo&mosal } Q, quadrate; Ql, qnaiilratoju^al; 
J, jngal ; Mi, maxjllary ; Jhlt, prsioaxlllary ; 
Ot. coAmnella; Bi, baai-spbenoid ; FI, plorgoiai 
Pof,palaUn8; ro.voineri IV, m [nmavergam. 



unpaired. The frontal bone in many cases takes no piirt in H 
formation of the i-oof of the crfinial ca\-itv, and only lies on tl 
interorbital septum. Behind the latei'al parte of the frontal in 
the temporal region ai-e the jiost/rontah {Pf). In the ethmoidal 
region the median pait I'emiiins in part cartilaginous;, and is covered 
above by the paired naeid bonea {N), and at the base by the vomsr J 
(To), which in the Snakes and Lizards is paired. The latem! parted 
are always aepomta from the median, and are known as tlie lateral a 
.ethmoids oi- pnefrontak {Prf). In the Lixai'ds and CrocodilesJ 
lachi-ymah (L) are present on the outer side of the pratfrontal^ I 
bounding the anteiior margin of the orbits. 

The tquoTiumil (Sg) is more intimately applied to the cranium, aiu{iV 
the quadrate (Q) is always a sti^ngly developed bone. In C'lieloK 
and Crocodilia the quadrate and majdllo-palatine appai'atus &iv i 
movably united with the wall of the skull ; in Snakes and lizard^', I 
on the other hand, they are more or less finely movable. In tlitt- J 
first euse not only ai« the hirge pterygoid and palatin 
with the sphenoid, but the quadrate bone is very firmly connected^ 
with the superior majdllaiy (i.e. jugal) arcade. In the Crocodiles t»\ 
transverse bone {os transver»u7n) is developed between the pteiygoid 
and masillai-j', and also a superior tempoml arcade by which the 
squamosal is connected ydth the postfrontal on either side. In the 
lizards, in which the masillo-palatine apparatus and quadrate are 
movably articulated to the skull, the jugal arch is completely absent 
\i.e., the jugal is not connected with the quadrate by bone]. On the 
othei' hand, these animals possess not only a transverse bone (os 
transvei-sum) (fig. 631, TV), ali'eady mentioned for the Crocodiles^ 
but also a column-like bone — the col^i7nell(^—^\•hich extends betweaaB 
the parietal and ptei-ygoid. The facial bones are, however, moafcl 
movable upon one another in the Ophidia, which are without th^'l 
jugal arcade, but present a large os transversum. The two rami <^fl 
the mandible, which in all Reptilia and lower Vertebi-ates a 
posed of several pieces, are in these animals connected at the symphye 
by an elastic band, an arrangement which permits of c 
eKtension towards the sides. 

The visceral skeleton is reduced to the hyoid bone, from the ai 
arch of which the doi-sal element {Iiyomandibidar) is s 
enters into relation with the auditory apparatus, and is 1 
the aolumella. The hyoid bone is most reduced in the Snakes. 

The limbs and their girdles are completely absent ii 
In the Perojwda and Tortrimdm, however, traces of hind limbs a 
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[ foimil in the anal region, but they are hidden beneath the skin, 
2ept the tevmiiml part, which bears a claw. In the LacerliUa the 
I extremities present veiy vaiious grades of development ; while the 
I pectoiul and pelvic girdles are without exception pi'csent, though 

are sometimea very rudimentary, the 
I anterior and. posterior limbs may be oom- 
I pletely absent ( Blind woi'ms), oi' the one 
I pail" may be present without the other as 
[ small rudimentbi. In most cases, however, 
I both pairs of extremities are completely 

developed, and provided with five digits. 

Sometimes the digits ai'e connected by 

swimming membi'anes (Crocodiles), or the 

exti-emities are modified to form flat 

swimming fins (fossil HydrosaiirianH iind 
I Turtles). 

The nervous syatem (lig. 032) is de-Cl' 
' cideJly higher than that of the Amphibia. 
I The hemispheres are distinguished by 
i their considerable stKe, and begin to cover 
I the lue^ncephalon. The cei'ebeilum diows 
as grades of development prngressing 
' tt-om the Snakes to the Ci-ocodiles, and in 

the latter recalls that of Birds by the 

contrast of its large mediau lobe and its 

small lateral appendages. Of the cranial 
a-V6s the facial is no longer united with 
e trigeminal, and the glossopharyngeal 

appears as an independent nerve, which 

has, however, several connections with the 

Tagas, The spinal accessoiy also ari.sea 

independently except, in the Snakes, 

Finally the hypoglossal, which passes out 

thi-ough a single or double opening in the 

ekull, entei-s the category of the cranial 
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The eyes ai'e without lids in the Snakes, Geckos, and Amphisbsenas, 

re pi-otected in these animals by a transparent capsule, which is 

separated from the cornea by a space fiJled with lacbrymal fiuid. In 

\ all other causes there is an upper and lower eyelid. An independent 

, nictitating membrane at the inner angle of the eye ia always accom- 



paniedbyt]ieappeamnceofa8pecialgliLnd(fi'«!'fiert«W(/^»irf). Pecnliad 
folds of the choroid, which correspond to the procesaus foldformtM 
of the eyes of Fishea and to the so-called pecten of the eye of Birili^J 
are present in the eye of Lizards, I 

The auditory organ has a simple tntular cochlea and a coiTe*fl 
sponding fenestra (/etiesti-a rotunda). A tympanic cavity with 
Euslacliian tube and tympanic membnuie is wanting only in the 
Snakea and apodal Liwirds. In these eases the opeitmlum, which' j 
covers the fedealra ovalis, and the columella which is attached to the I 
operculum, are buried among the muscles, as in numerous Avi^ihiMa, \ 
"When a tympanic cavity is present, the columella is applied by its 
cailjlaginous end to the tympanic TOembrane, which in many Lizards 
is still concealed beneath the sldn, while a wide Eustachian tube leads 
into the pharynx. A cutaneous fold above the tympanic membrane 
of the Crocodiles may be regarded aw the fii-st iiidiment of a 
temal ear. 

The olfactory organ of the Ee.piilia shows, principally i; 
Chdonia and Crocodilia, a cons^iderable augmentation of the atirface 
of the mucous membrane, the folds of which are supported by c 
lagjnous turbjnals. The estemal nai-ea can be closed only in 
"Water-Snakes and the Crocodiles by aa arrangement of valves. In. | 
the Crocodiles and Chelouians the internal nares open far back on 
the palatal part of the mouth. In the Snakes and 3aurians there is J 
also a second olfactory oi'gan embedded between the turbinals andfl 
the vomer {naeal glanda, Rathke, Jaeohaon'a organ, Leydig), tha-B 
nerve of which ariaea at the end of the olfactory lobe, and is 
out like a cup around a cartilaginous papilla. 

The sense of taste is by no means always located in the tongue^ I 
since in Snakes and many Lizards this organ serves for feeling, and I 
in other cases — e.g., the Chama;leon — ia used as a prehensUe organ, J 
Leydig* has recently discovered cnp-ahaped sense-organs 
buccal cavity of Snakes and Saorians. In the Snakes they are J 
arranged alongside the rows of maxDlHiy teeth, in Sauriana they a 
embedded in small pits of the connective tissue. 

Alimentary canal. — Excepting in the Chelonia, whost 
possess a homy cutting investment, which constitutes i 
of beak, the jaws ore provided with conical or hooked prehen- ! 
sile teeth, which hold fast the prey, but cannot masticate it, AaA 
a rule, the teeth are confined to the jaws, and are always arranged*! 
esoi^ane der Schlang-en,'' Areli. fdr i 
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in a single row; Bometimes tliey are fasteneil to the upper edge 
(acrodont), aometimeH to nn exteraal, Btrongly projecting ledge 
of tlie flat dental groove (jilem-odont), rarely, os in Crocodiles, 
they are wedged into special alveoli. Hooked teeth may also Vie 
present oti the palatine and pterj-goid lioiiea, and in this case 
they frequently (e.g., in non-poisonoua Snakes) foim nn inner 
arched row on the roof of the mouth. In the poisonous Snakes 
special teeth of the upper jaw are traversed by a gi-oove or canal, 
and enter into close relation with the ducts of poison glands, the 
secretion of which passes into the wound through the groove or 
canal in the poison te«th. Salivary glands are found in Snakes and 
lizards, both in the lips and on the lower jaw, and a sublingual 
gland may also be present. The passeswion of the latter is charac- 
teristic of the Chtlonia. 

The (esophagus is very long, and is capable of an extraoixlinaiy 
degree of dilatation. Its walls are iisually folded longitudinally, but 
they may also be beset with large papillte, as in the Turtles. The 
stomach is usually aiTanged longitudinally, except in the Chdonia, 
which possess like the Frogs a ti'ansversely-placed stomach. The 
stomach of the Crocodiles resembles that of Bink, both by its 
rounded form and by the strength of its muscular walls. The wnall 
intestine is bub little coiled, and remains relatively short ; in the 
Land-Tortoises alone, which live on vegetable matter, is the intestine 
more than sis or eight times longer than the body. The broad large 
intestine (i-ectum) iisually begins with an annular valve, and oft«n 
with a caecum, and leada into the cloaca, which opens benejith the 
root of the toil by a round opening, or as in the Snakes and Lizards 
by a transverse slit {^Plagiotrein/i). Liver and pancreas are never 
absent. 

The Septilia breathe exclusively by lungs, which have the form of 
spacious sacs, with alveolar projections of the walls, or with wide 
spongy cavities (Tortoises and Crocodiles). In the Snakes and snake- 
like Lizards the lung on one aide is more or less reduced, while the 
other obtains a correspondingly greater size. The postei-ioi' end of 
the latter loses not only the cellular alveolar spaces, but also the 
respiratory vessels, and has the form of an air-reservoir (foreshadow- 
ing the air-sacs of Birds), which renders respiration possible dur- 
ing the slow process of swallowing. The afferent air-passages are 
always differentiated into a larynx beginning wili a alit-like glottis, 
and into a long trachea and bronchial tubes, supported by carti- 
laginotis and often bony rings. A membranous or cartilaginous 




epiglottis is present in mimy Tortoises, Siuikes, and LiznrJs. Thai 
Geckos aiid Chamseleons alone have a vocal appamtus. The I'enewatB 
oE the oir iie<^eswiry for respii'ation is, except in the Chelonia, o.lwa^;B 
effected by iiid of the ribs. 

Tlie oironlatory organs (fig. 60) present variouK grades of develop- 1 
II to the complete division of the heart, and to the separation i 
of the venous and arterial blood. 
Not onJy are there two auriclea | 
which are distinct even exter 
niilly, but the ventricle ako L 
dis-ided into a right and lef 
chamber. The partition wall o£ 
the ventricles is indeed pep- 1 
foitited in Snakes, Lizards, and 
Chelonians ; but in the Croco- 
diles it is complete, and effects 
the separation into a right and 
left ventricle. In the first cases 
the piilmoniiry arteries and the J 
aortic trunks arise fixim the | 
wide thiii-wflUed right division I 
of the ventricle. In the Groco- ! 
diles, on the other hand, the | 
pulmonary arteries and 
aortic trunks have a separate 1 
origin (fig. 633). The complete ] 
number of aortic arches 
pi-esent only duiiiig the f cetaJ, 4 
life ; in later life their number | 
hecomes much reduced. Ori- i 
ginally five pairs of viiscutar J 
arches — as also in Birds aocl^ 
Mammals — ate present ; th^ ' 
embrace the gullet and join to 
Most of them, however, undergo 
reduction, losing their connections with each other, so that finally 
eacli aortic root (Saurians) arises from two vascular arches, or isj 
the prolongation of a single aortic arch. Tlie aorta, which ] 
out fi-om the heart, is divided into three ti-unks — -a right and 1 
aorta and a pulmonary artery — each with a separate 
into the ventricle \i.e., three distinct arteriiil trunks leave i 
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ventricle or ventricles, and not one only as in the Ichthyopeida]. 
In tLe Snakes and Liztirds the left artei-ial trunk is prolonged 
into the left aortic i-oot without giving off veaaelM (fig. 60, Aos), 
while the right and larger before being prolonged into the 
right aortic root gives off ii common stem foi' the two carotids 
(fig. 60, I), between which and the con-espoiitling aortic roots a 

' connecting vessel (ductus Botiilh), cont;titiiling a second persistent 
aortic arch, may be retained (miiny Lizards). In the Chelonia the 
right aortic ai-ch libewiae gives off the carotids and subclavians, while 
the left gives off the visceral arteries. In consequence of the very 
small size of the aortic root of the latter, the aorta appears to be 
mainly a prolongation of the right iiortic arch. Crocodiles present 
the same ai'iangements, but in them the right arterial trunk arises 

• from the left ventricle and i-eceives arterial blood fi-om the latter, 
In this case also, in spite of the complete division of the heart, the 
mixture of venous and artei-ial blood is not wholly avoided, since 
there is a communication — the foramen Fmiizzce — between the right 
and left aortic arches. When tbe separation of the two ventricles is 
incomplete, mixture of the two kinds of blood takes place in part in 
the heart, although the entiance into the pulmonary vessels can by 
Hpecitil valvular (vrrangements be tiepai-ated from the oatia of the 
arterial trunks in such a manner that the arterial blood principally 
flows into the latter, and the venous into the former (Briicke). In 
the venous system tbei-e is, as in the AiaphilM, a i-enal-portal as 
well as an hepatic-portal cii-culatiop^. In the Chelonia and Croaoditia, 
however, the renal-portal system is more and more reduced, for the 
greater part of the blood of the iliac veins passes to the liver. The 
system of lymphatic vessels pi'esents extnwrdinarily numerous and 
wide lymph spaces, and is arranged exactly like that of the Amphibia. 
Contractile lymph hearts Lave only been discovered in the posterior 
part of the body at the junction of the trunk and tail. They 
are paired and situated on the ti'ansverse pi-ocesses or ribs. 

The kidneys of Eeptiles belong, as in Birds and Mammals, to the 
hinder region of the trunk, and correspond accordingly only to the 
posterior bi'oad part of the Amphibian kidney. In Liiiards and 
Chelonians a urinary bladder projects on the anterior wall of the 
cloaca. The nrine is not by any means always fluid, but is often a 
whitish mass of lii'm consistency, and contains uric acid. 

The g^enerative orgajiB (fig 634) resemble those of Birds. The 
morphological relations of the generative organs of the higher 
vertebrates are attained, inasmuch as the anterior region of the 



204 RBPTILIA. 

kidney (primordial kidney and Wolffian duet), wliich in the ,1 mphihia 
still functions as a urinary orgim, is here transformed into the j 
efferent apparatus of the testis (epididymis and vas deferens), and 
in the female sex vanishes or rarely persists as a rudiment {Rosen- 
miiller's organ, canal of Gai-tnei-), while in the female the MuUerian 
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duct becomes the oviduct. The oviducts as well as the vuaa deferentia 
open separately int-o the cloaca. The oviducts begin with a wide 
peritonea! ostium, have a sinuous course, and secrete the calcareous 
and usually membranous egg shells. The eggs in many cases remain 
a long time in the terminal part of the oviduct (which may then 
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be termed the uterus), sometimes till the embryonic development 
is completed. 

The males always possess external organs of copulation, to which 
in the females similarly arranged rudiments [clitoris) correspond 
In Snakes and Lizards {Plagiotrema) these organs consist of two pro- 
trusible hollow tubes, which are either smooth or covered with spines 
and lie retracted in a pouch-like ca\dty behind the cloaca. When 
protuded their surface is traversed by a groove which conveys the 
sperm from the genital openings of the cloaca. In the Chelonia and 
CrocodUia, on the other hand, an erectile penis supported by fibrous 
bodies projects on the anterior wall of the cloaca. This penis also 
has a groove in which the semen is received and passed on, but it 
cannot be invaginated like the two penises of Snakes and Lizards. 
Copulation always leads to the fertilization of the ova within the 
body of the mother. But few Reptiles, e.g., Pelias berus amongst 
the Snakes, and the Blindworm amongst the Lizards, ai-e viviparous. 
Most forms are oviparous, and bury their eggs in damp earth in 
sheltered waim spots, and take no further trouble about their fate. 
Some of the Pythons, however, are an exception to this ; inasmuch 
as they coil their body together over the eggs which they have laid, 
and afford warmth and shelter to the developing brood. 

The developmental history '•' of the Reptiles is very similar in its 
general features to that of Bii*ds. The o\'um Ls relatively large, and 
is sometimes surrounded by a layer of albumen within the shell. 
The segmentation is partial and leads to the formation of a discoidal 
blastoderm, with primitive groove and medullary folds. Before the 
medullary folds have closed, a transverse depression appears at the 
dilated anterior end of the medullary groove ; this depression is the 
head fold, which leads to the origin of the cranial flexure, a feature 
always found in the higher vertebrates. [The cranial flexure is 
found in all vertebrates except Amphioxus.] The embryo which at 
first lies flat on the yolk, becomes gradually more and more sharply 
marked off from the latter, for the venti-al walls of the boat-shaped 
body grow together, and leave only a small opening (umbilicus), 

* C. E. V. Baer, "Ueber Entwickclungsgeschichte der Thiere," H., Konigs- 
berg, 1837. 

H. Rathke, ** Entwickelunprsgeschichte der Natter,*' Kcinigsberg, 1839. 

H. Rathke, "Uebcr die Entwickelung der Schildkroteu," Braunschweig, 
18-48. 

H. Rathke, " Uutersuchungen iiber die Entwickelung uud den Korperbau der 
Crocodile," Braunschweig, 186(). 

L. Agassiz, " Embrj-ology of the Turtle," Contrlhitions to the Xat, Higt.j 
etc. II., Boston, 1857. 



Thus it happens that the central digestive canal, wliich ftt liret has 
the foi-m of a shallow groove, beeomea converted into a tube which 
remains foi- some time connected with the yolk at the umbilicus by 
a nurrow duct. 

The appearance of a membrane enclosing the embryo and known 
a& the amnion (fig. 635) is chai-a«teristic. The amnion arises in tl 
following way. The outer Inyer (somatopleure) of the blastoderm ia 
raised at the antfiidor and posterior end of the embryo, and forms 
two folds covering the head and tail end. These folds soon extend 
over the lateral por- 
._ Am Oh J [ tions, and fuse over 

the body of the em- 
bryo, BO as to form 
tl closed sac filled 
with fluid. Another 
orgiiii which is cha- 
iTictei-istic of the 
highei" vertebrates 
is the ailantoia. This 
arises at the poa- 
teriof end of the 
body as a vesicular 
evagination of the 
ventral wall of the i 
alimentary canal, 
and grows out to \ 
a sac of considera- 
ble size. The walls 
of this sac, which 
is filled with fluid, 
are, unlike those of 
the amnion which is entirely without vessels, extraordinarily vascular 
and represent an embryonic respiratory organ, which in the long 
duration and comphcated developmental processes of embryonic life 
is of great importance. The appearance of the allantois is correlated, 
not only with the disiippearance of branchial respiration, but also 
with the complete absence of a metamorphosis; the young animal 
being completely organised when it leaves the egg. 

Some Snakes and Lizards exiend far north, while the Crocodilia 
are confined to the toriid zone, and only ii^olated examples of the 
Cheloniu belong to the torrid zone. 
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The BeptUia of the cold and temperate regions fall into a sort of 
winter sleep, and in the hot climates there is a summer sleep which 
comes to an end with the beginning of the rainy season. 

Most Reptiles are very tenacious of life, and can exist a long time 
without food and with limited respiration, and are capable, though 
in a less degree than the Amphibia, of reproducing injured or lost 
parts of the body. 

The oldest fossil remains of Reptiles belong to the Primary period, 
but appear only very sparingly in this period, being confined to t*he 
Kupferschiefer formation (Froterosauncs Speneri), The Secpndary 
period (Trias and Jura) can show a far greater variety of forms. At 
this time the Saurians and Hydrosaurians were predominant. The 
scaly Lizards first appear in the upper strata of the Jura, and are 
most abundant in the Tertiary period, which also presents a few 
remains of Snakes. Chelonia first appear — excepting the doubtful 
footprints of the Trias — in the Jura. Land-Tortoises are first met 
with in the Tertiary formations. 



Sub-class 1.— PLAGIOTREMATA (LEPIDOSAITRLA). 

ReptHea with scales and dermal shields, either apodal or provided 
with extremities. They have a transverse anal slit and a double i^enis. 

Order 1. — Ophidia* (Snakes). 

Apodal Plagiostremata without pectoral girdle ; xoith bifid protrusi- 
ble tongue ; usually toith freely movable, always dis2)laceable, Tuaxil- 
lary and palatine bones ; witlwut urinary bladder. 

The Snakes are chiefly characterized by the absence of exti*emities, 
and by the distensibility, sometimes extraordinary, of the mouth 
and pharynx. They cannot, however, be sharply separated from the 
Lizards. Formerly the limitations of this order rested entii-ely on 
the absence of extremities, and thus not only were the Cceciliadce 
amongst the Amphibia, but also the Blindworms and other genei'a 
of apodal Lizards, included in it. The Amphisbcenidce also were 

* Gray, '• Catalogue of Reptiles in the collection of the British Museum," 
Part III., Snakes. London, 1849. 

GUnther, " Catalogue of Colu brine Snakes in the collection of the British 
Museum," London, 1 858. 

Jan, " Iconographie g^n^rale des Ophidicns," Livr, L — XXVII. Paris, 
1860—1868. 

Lenz, " Schlangenkunde," 2 Auflage, Gotha, 1870. 



formerly- reyai-ded a,s Opliidia, Moreo\-er, many Snakes 1: 
riiJiiiieata of poaterior extremities, whieL are placed at the root of 
tlie tail and have a conical claw pi-ojecttng at the Bide of the anus, 
No Snake haa ii pectoi-al girdle or any trace of an anterior pair of 
extremities . 

lu the skull of the Snakes (fig. S36) the tempoi'al arcades ai-e 
absent [i.e., the poatfrontal is not directly connected with the squa- 
mosiil, and thei« is no jugal or yuadrato-jugal connecting the masilla 
with the quadrate]. The cianial cavitj- is very long. The anterior 
and middle piirtfi of its lateral walls are formed hy descending wing- 




like 



of the 



parietal and frontal 
bones. The masilla ia 
connected with the pa- 
lato-pterygoid ai-cade by 
an OS transversum, and 
these bones ai* so com- 
pletely movable upon 
one another and the 
craniiuD, that the mouth 
is capable of being eon- 
aidei'ably dilated and 
laterally extended. The J 
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and usually in ii double I'ow on the masillo-palatine apparatus; they ^ 
chiefly serve to hold the prey fast while it is being swallowed. 
Hooked teeth may also be present on the pnemaxillie {Pi/thon). 
Only in the OimUrotionta are the teeth confined to the upper jaw 
or to the lower jaw. Besides these solid hooked teeth many snakes 
possess in the uppei' jaw grooved teeth, or hollow poison teeth, which 
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uit; traversed by » cnnul ] Ihe caaul is i-omieeted with tlie duct of u 
]x»isoii gland, and tlu-ougli it the sftTetion of the latt^t is poui-etl. 
Fi-equently the loaxilla is much reduced, tiiid contftina on each 
side only one large perforated poison-tooth, near which, howevei-. 
other larger and umallei' supplementary teeth are always placed 
[Soletwglyplia). The grooved teeth ai* I'arely more nnraei'ouB, and 
are attached to the masillaries either quite in front (Pniterogliipka), 
or behind a row of booked 
teeth (ppigthoglj/p}ta). In both 
cases the maxilla is larger than 
that of the SoUnogli/p!ta. In 
the A-glyphodoiUa, however, 
where there are no grooved 
teeth, the maxilla attains the 
greatest si^e and the rifhe.st 
dentition. "While the grooved 
teeth are immovably fixed, 
the tubular poison teeth i 
erected, with the miixillaries 
to which they are attached, 
wheu the moutli is opened, and 
are, when the snake strikes, 
driven into the flesh of the 
prey. Simultaneously the ' 
secretion of the powon gland, 
which is forced out hy the 
pressure caused by the con- 
traction of the temporal ^ 
muscles, is injected into the Tropliimiiii 
wound : it is thus mixed with i^"""! '"" 
the blood, and quickly eauses r. parietal 
the death of the victim. '**"^.^i'"? 

The hard structures of the pnrel ecnics^ ». ctaln scute; p, ]c:w«r Ubial 

integument, which have the ^"^^ Jj ^^ rdi.r«n'E^"'' ^""" ' 
form of scales, acutes, and 

splints, vaiy much in form, number, and arrangement. While 
the dorsal surface of the ti'unk is aiwayB covered with smooth or 
keeled scales; the head is coveted with scales as well as with 
ecutes and platei^, which, Uke those of the Lizards, are distin- 
guished accordiog to their i^pecial position as frontal, parietal, and 
occipital scutes ; also as roi^tiYil, naj^al, temporal, and labial scutes, etc. 
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(fig. 637), The raentaj soutea — i.e., the sctiteti in the mental groovj 
on the ventral nurfafe between the rami of the lower jaw (fig. 637, ?)■ 
— may be mentioned as peculiar to mom siiakes ; in front of those 
two accessory labial .icutes on either fdde fonn witli the medi&n 
labial scute (o) the anterior boundary of the mental groove. The 
iffiutes on the abdomen are for the most part broad, and invest tb6' ■ 
trunk Eke tranaverse bands (fig. 637 b, i) ; but scales and small I 
median scutes may also be present here. The ventral surface of tha I 
tail, on the othei" hand, is, an a rule, covei-ed by a double, or rarrfy I 
by a single, row of scutes. Snakes moult several times in the course A 
of the year; they strip off the whole of the epidermis on which thai 
sculptwe of the cutis is i-epeated. 

The internal organisation ooiTesponds with the requirementE tt I 
the elongated form of the body, as well as with the mode of tocomo' I 
tion and nourishment. A long and extendible gullet with thin walla I 
leads into the dilated saccular stomach, which is followed by a i-ela- J 
tively short small intestine. The larynx is placeil extraordinarily 1 
Ear forward, and can be projected into the mouth during the long I 
and diiScuit act of swallowing. The trachea is extremely long, and I 
often contains respiratory air-cells in its course. The left lung ia 
uauEilly entirely mdimentary, while the right lung is corresponding^ I 
large, and is transformed at its posterior end into a veaioular a 



The auditory organ is without an apparatus for condiicting sounci,,! 
and the eyes have no movable lids. The eye-ball, with its usuall^'l 
vertical pupil, is covered by the skin, which is hei'e transparent, an^f 
behind which it is bathed by the lacrymal fluid. The nasal apertures '1 
ai-e usually placed quite at the apex or on the lateral margins of the 1 
snout. The forked homy tongue serves not as an organ of taatl^ J 
but a& a tactile organ, and is enclosed in a sheath, from which it a 
be proti-uded through an indentation of the exti-emJty of the 
even when the mouth is closed. 

The Snakes move principaUy by means of lateral flexions of tlw 
vertebral colunm. The vertebne are very numerous, and almost, 1 
always bear ribs in the region of the trunk. The centra are conoave J 
in front and convex behind ; they are connected with one another^J 
by free ball and sociket joints, and by horizontal articular anrfaaea of' i 
the transverse processes in such a manner that dorso-ventral more- J 
ments are impossible. The ribs are also freely articulated with the <\ 
vertebi'al bodies, and can be moved backwards and forwards, move- 
ments which nre of great use in assisting locomotion. The Snakes , 
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nin in a cei-tain senHe on the extreme points of their ribs, which are 
attached to derma! scutcR ; for they move by alternately pushing tha 
riba foi-ward, and drawing aft«r them the ventral scutes, which are 
attached to one imother and to the ribs by muscles. 

The Snakes feed exclusively on living animals, both warm-blooded 
und cold-blooded, which they attack suddenly, kill and swallow whole 
without mastication. Swallowing is effected thus : the teeth on the 
jawa are alternately hooked further and further forwards into the 
body of the prey, as a result of which the mouth and pharynx of 
the snake are in a sense gradually drawn over the animal, whose 
surface is at the same time made shppery by the abimdant secretion 
of the salivary glands. Duiing thia pi'ocess the larynx is projected 
forward between the rami of the jaws, «o that respiration can be 
maintained. After the »»mpletion of thia laborious opeiiition of 
swallowing, the animal appears entirely prostrated, and passes a 
long period in inactivity, during which the very slow but complete 
digestion takes place. 

Snakes copulate, and are for the most part oviparous. They lay 
a small numbei' of large eggs, in which the embryonic development 
may be already far advanced. There are, however, also viviparous 
Snakes ; for example, the seft-snakes {Hydrophidce) and the vipers 
(Pelian bervs). 

Most of the specdes distinguished by size and beauty of colour 
belong to the wai'mer zones, only the smaller forms extend into 
northern temperate climates. Many Snakes are fond of the water 
and are truly amphibious. Others live for the most part on trees 
and shrubs, or on sandy ground ; others exclusively in the sea. Id 
the temperate countries they fall into a kind of winter sleep, in the 
hot countries they undergo a summer sleep in the dry season. 

Sub-order 1. OpoterodOtttB. With narrow, non-distensible, slit- 
like mouth, and immovably connected facial bones, without or with 
only a short tail. They have solid hooked teeth only in the upper 
jaw or in the lower jaw. Posterior limbs present as rudiments. 
They live beneath stones, or in passages in the earth, and feed on 
insects. 



Sub-order 2. Colubriformia. Both jaws armed with solid hooked 
teeth. In the upper jaw the last tooth may be giiroved, and then 
may be either without poison glands, or may be connected with the 
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duct of a sniftll poison gloud. Tl. 
phodonta an<{ the Opistho^lypha. 

Fam. Uropeltidv. With short poiated head, tnouth not disteasible, but vritlt 
teeth in both jawn. f/repeltii' j/hUippi'mt Cat. 

Fam. TortrioidB. Wiih Hmall hardly discernible head and short c 
tail. The teeth are Kinull. and there ore teeth ou the j^latine bonee. They J 
ho re a radimeut of the pelvis with small anal claws. ¥ 
Torlruraeytale HmpT.,(^anth America; C^lindrophi* I 
™/fl Gray, Jura. 

Fani. F7tlionid». With long oviU beads covered ' 
with scutes or ecalea. with nidimenta of hind limba 
which tetminatc with an anal claw at the aides of 
the cloaca. Siyir javvtvs Wagl., South Europe ; 
Iliia oniitlriotirr L., Brazil ; Pj/fAon mlicvkitm J 
Rchii,, Suinatra, 

Fam, Colnbtldn. The head is not very broad, 
and is distiuct ; it is covered with scutes. The 
dcDtitioD ie complete. The tail lias a double row 
of scutes oil the under surface. Con'ni-lla atatriao» 
Laar.^C tarin Lac., widelj distribated in Earope ; 
laopkia eobella 1.. Brazil ; Tropidotmliu natritt I 
GesD., Ringed snake, With obliquely kueled scutev. ,| 
The Bpeuies is widely distributed in Europe. IV. 
tetgelatw Meyr. ; CBlvlH'r (^Calnpeltif) .^nevlapH 
Qegii.=f./Kr»WTuC)in„the eneke of jGHOulApius, 
South Europe, Schlangenbod, Austria ; Haiiwnis 
ofntiremi Shaw, South Eur<jjie ; Hrrprtlldryai 
earinaftis L., Brazil. 

Fam. Oandrophids. Tree hi 
and Blender, head usunlly lung 
from the neck. The ventral ei 
two keels. Ventral caudal »c 
Deiidrophiii jiiela dm.. East 
tmaragdiait Boie, West Africa. 

Fum. Drfopludts. Body very long and slender, 
as is the head ; suuut thin and sometimes prolonged 
into afleiible appendage. Dryophii argentta Dnod., 
(Cayenne. 
Fam. Fsamnuiphidea, t^aud .snakes. Tiie postenor 
vai—TiiiMii-tliimirr tooth o£ the upper jaw is grooved. Piammophii 
ea!i.<t4giieamiiial) liiu'UtiU Unni. Bibr,, Mexico; CahijieUin laeertiiM ; 

Wagl., Egypt, I 

Fam. Dipiadidn. The body tolerably slender, strongly compressed ; with 
short tail, broad at the eiul, and very distinct. There are usually posterior 
grooved teeth. Dip»at drnHropHla Reinw., East Indies ; D. faimata Fiseh^ 
West Africa. 

Fun. Soytalids. The hindmost tooth in the upper jaw is the longest, and is 
grooved, ticytale c'ronatmii Hum. Bibr., Brazil. Oicyrbopiin /ilvmbrv* Wied, 

Sub-order 3. Proteroglypha. Poisonous Biiakes nith large grooved 
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teeth, which are placed anteriorly in the upper jaw, ajid behind 
which there ai'e usually solid hooked teeth. The palatine and 
pterygoid bones, aa well as the lower jaw, are armed with hooked 

Fam. Elapida. lieaamble the Onliihridie. Head uoTered with Hcales ; nimally 
with two rows of snb-candal ncotes. Nt^ja -trlpndiani Merr., the Cobra, 
Beugal; N. kqje h. Cleopatra's Snake, Egypt; Elaps eeralUniu L,, the coral 
Snake, South America. (Fig. H39.) 

Fam. HydropMdM, Sua-SnakoB. With soarcelydiatinct head which iacoyered 
with scutea, and corapresseii body which is prolooged into a strongly eompreBsed 




8ub order 4. Soleuoglyplia. Snakes with trinngular head and 
relatively short tail. The .-mall upper jaw haa a hollow poison tooth 
on either side, and one or more reserve teeth. Small iiolid hooked 
teeth are also present on the palate and in the under jaw. 

Fam. Tiperidse (Vipers). Head strongly marked off aftd bload, withont 
pitB between the nares aoil eyea. There are naually two rows of sualea on the 
under side of the short taih Vipera a»^ Merr. In wooded mountain regions 
of South Europe. V. ainmodytet Dam, Bibr. The aand viper, with a soft 
homy pconiinenoe on the tip of the noout. Italy Bad Dahnatia. Peiiat bervi. 
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(Kreuzotter). I'nmmon Viper, (iiatinguwhal bj [he lilack-lnnwli sigiaR be 
on the back. Fouud iii tbe mountain forists of Enrope. 

Fam. CiotUidte. With a pit between the eycB and uoae. Orofalv dvriiaiit 
L., Kattleanakc of south-east of North" Ameriwi; C Iiorriilii* L. South America 




Order 2.— Saorii* (Lacertilia) — Lizahds. 

Plagiotremn with pecUmd ginUe cmd sternum, usually loiilt tympania 
cavity and numaMe eyelids; with a non-extensible mouth and with 
vTVHory biadder. 

The Lizards always have an elongated and sometimes a enake-lika 
body. Ab a, rule there are four extremities, which, however, scaivety 

• Tiedemann," Anatomic! mid NatuTffeachiahtederDrachen." NUrnberg, iSll, 
J. E. Gray, " Catalogue of the Bpecimena of Lizaids in the Collection o( the 
British Mnseiim." London, 1845. 
Fr. Leydig," Die in DentBcldandlebenaen Artenderfiaurier." Tilbingen, 1872. 
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carry the body i-ftiseii fiwrn the gi-ouiiJ ; but in ioponiotion are used 
prineipally for pushing the body forwai-d ; they may also be used for 
clinging (Chamielion), climbing (Geckos), and digging. Tiiey usually 
end with five clawed digits. They ai-e sometimes so eliort and rudi- 
mentary, that they Lave the uppearance of stumps applied to the 
serpent-liie body, tmd ure without sepomted digits (Cftameegaura). 
In other oases pudimenta of the posterior limbs alone exist (PaeudopuB) 
(fig. 641), or anterior limbs only are present (Ch-irolee) ; or finally 
extei'nal limbs may Iw entii'ely absent {Anguis, Aeonf,itu, Ophi- 
sauriis). The pectoml and pelvic girdles are however present, and 
in all Lizards except Ampkiabama there is at least ii rudiment of 
the sternum, which increases in size as the anterior limbs become 
more developed, and then serves for the attachment of a cori-espond- 
ingly greater number of ribn. The ribs are only wanting on the 
most anterior cervical vertebwe, and sometimes on some of the 
lumbar as well as on the caudal vertebiib. The anterior ribs present 
a peculiar modification in Draco, being extremely long and serving 
to support lateral eJtpansions of tlie skin, which nva be used as wings. 

The ciunial capsule (fig. 631) does not u.sually extend into the 
orbital region, behind which it is imperfectly closed by membranous 
structures (membranous interortntal aeptmii). The squamosal is 
firmly attached to a strongly projecting process {parotic proceaa) oi 
the posterior temporal region. The hinder end of the maxilla is 
frequently connected with the postfrontral (P/) by a bony bridge, the 
jugal (tig. C31 J), which encloses the oi'bit ; while a bone (quadrato- 
jugal) passes fi-om the jugal t-o the quadrate, bridging over the 
temporal region. 

An important character of the Lizards as opposed to the Snakes 
consists in the fact that the bones of the jaws are not movable upon 
one another. Farts of the maxillo-palatine appamtus are indeed 
movably connected with the skull {Halteria = Sphmtoclon excepted), 
especially the pteiygoids, which are applied to the articular processes 
of the basiMphenoid, and usually articulate with the quadrate; but 
the individual bones of the maxillo-palatine apparatus are firmly 
connected with one another, and with the anterior part of the skidl. 
The pterygoids are firmly attached to the maxillaries by a ti'onsverse 
bone, and sei-ve to support the parietal bones by a rod-shaped 
columella [a bone which extends from the parietal to the pterygoid 
on each ade]. On the top of the skull the parietal bones and the 
occipital segment are connet-ted by fibrous tissue, and in consequence 
are slightly movable upon one another. The quadrate bone is 



inovubly nrtii;nlatei3 with the paiBtie piticess of the temporal i 

and supports the lower jaw, the I'ami of wliich are firmly coimectedl 

at the aymphysts. 

Tlie dentition of the Lizards in form, structure and mode of j 
tixture of the teetb, pi-esents fai- greater diversity than does that of J 
the Snakes; it is however not so complete since the pojate has n 
ill! iamer row of teeth, but only small lateral groups on the pterygoids. J 
The teeth are almost always attacheit directly to the hone, either on i 
the edge of the jaw (Acfodtmt), or on the inner side of the jaw 1 
(Pleurndont). This dis-tinetion corresponds to the geographical dis- 
tribution of the Itjimnaa, those found in the eiisteni hemisphere bein^ i 
Acrodonts, and those ia the western Pleurodonts. The shape (rf 1 
the tongue seems importiint, luid the principal groups are distin- ( 
guiahed and named according to this characteristic. 

Most Lizards have eyelids, an exposed tympanic membi'ane and a , 
tympanic cavity. Only the AinphUboimis and fleckos are without j 
eyelids, iwid have the same arrangement for covering the eyes aa have . 
the Snakes. In the ScimoidKm the lower eyelid can be raised like a I 
ti'ansparent curtain without hindering the sight. In the Chanudion- 
Idm the single eyelid is a muscular cntaneons ring of sMn with i 
circular opening. 

Tlie integument of Lizaiils resembles in its general features that I 
of Snakes, but presents much greater variety. Sometimes there are I 
flat or keeled scales, sometimes scutes and larger plates, for the distri- 
bution of which on the head the terminology already described for ' 
Snakes is used. In addition, more irregular hardenings of the | 
sldn may occur — warty protnbei'ances which give the skin an appear- 
ance similar to that of the ToaiLi (GeckonidiK). On the other hand ' 
there are often cutaneous lobes on the throiit, crests on the back and I 
on the top of the heml, also folds of skin on the sides of the trunk, on \ 
the neck, etc. Although the skin of Lizai'ds i-s in general poor i 
glands, yet in many forms cutaneous glands and corresponding i-ow 
of pores along the inner side of the thigh (fig. 634, SP) and in front | 
of the anus are constantly present. 

As a rule, the females after copulation (which in temperate regions ' 
takes place in summer) lay a small number of eggs ; some genei* j 
iire viviparous {Aiu/uia, .S'sps). Most ai'e harmless, and are useful J 
by destroying Insects and Worms ; lai'ger species, as the Iguana, arft I 
hunted for the sake of theh' flesh. By far the gi«ater number, and J 
all the larger and more beautifully coloui'ed species inhabit the' .1 
warmc.' and ho*. countriP'. 
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Fossil I'emains of Lizaiils have been found in gi'eat mimliei'Sj the 
oldest from the uppermost strata, of the Jiira, The Lizards of the 
chalk (jWbswjmMiM, etc.), whicli are most nearly related to the Moni- 
tors, were of gigantie size. 

Sub-order 1. Annillata. Body anake-like, with hard sciileleaa 
nkin, whieh is divided into rings by transverse 
furrows (fig. 642). These rings are again crossed 
by longitudinal furrows in wich ti way that the 
sni-face haa an elegantly plated, mosaic-like iip- 
pearauce. There are large scutes only on tlie 
head and throat. There is no Etemum, and the 
pectoral girdle, except in Chirotea, remains very 
itidimentary. 

Budiments of a pelvis are in alt cases present. 
As a, rule extremities are wanting, but small 
front feet (CMrotes) maybe present. Eye-lids 
and tympanic membrane are absent ; the small 
eyes are covered by the integument. A columella 
ia also absent. The tongue is short and thick, 
without sheath, and the dentition, as in the 
scaly Lizards, ia either acrodont or pleurodont. 
They are harmless animals, and live for the 
most part in America, like the Ctsciltadce, 
beneath the giwmd, usually in ant-hills, and 
feed on Insects and Worms. 



AmjiliUbanui albn L., Brazil ; 
J. fuUgimaa L., South Amerioa (fig. 6-12). Cldnitcn 
lunibrieiiides Flem. Mexico. 

Sub-order 3. Vennilinginia. Lizards of the 
Old World, with veimiform tongue, which can 
be pi-otruded with great rapidity to a great 
distance, and deep lateially compressed body, _ (uo— j i* i 
which is covered with a shagreen-like akin. The faiigimut (rigne am- 
structure of the skull differs considerably from "° '' 
that of the other Lizards, in that the parietal bones are not mov- 
able on the occipital, but are iu-mly united to the latter and to the 
occipital crest, which is continued over the parietals. 

Fain. GliaiaslBonidEB. The foet are prehenBile, aud end with five digits, wliiuli 
are arranged in bundles of two and three. The digits of each liuniile are con- 
nectoil together ux far as the clawa, and the two bundles work on one auotlier 
like the arms of a pair of pincers. The long and slender tail is prchenBile, 
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coiling roun'l tiriga and brnnchns to atttch tbe naimal. Theyar 
Ttte tympanic membrane is hidden, being tujvcred bj the integument. The 
ChamielBoniposgess the remnrkable power of cUangirig the colour of tbcir skin j 
the change Ib depeuiient on the light-i<tiinaliiB of surronnding objecte, andift | 
aabordinnted to the will of the aoimal. Recent researches, especiallj t1 
of Brilnkc,* hare contributed to the explaiiatioii of this [ihenomenan. Twa J 
different lajersof pigment are placed beni<ath the thin epidermis — a saperSd^ ] 
layer of clear, yellow pigment, and a deeper layer .of dark-browo to black, tbs 1 
mutual extension nod positioo nf which rariea. ChaiaahBH mlgarit Cutv.,J 
South S|iain and Africa. 

Suborder 3. CrassUiniTaia. With thick and short fteshy tongu^ 
which is hardly indented tit the point ; as a nile it is rather I'onnded, 
atiil cannot lie protruded. EyeUds are 
usually present. The tympanic membrane 
hi usually e:xpoHetl. In all cases there are 
four limbs, with digits directed forwards. 
They live exclusively in the hotter regioits 
of the Old and New Worlds. The eastenL 

^^^^S|^k and western hemisphei'eB contain types. 

H503^ft^^\ta- istii'prisingly alike, which, however (with 
J^^^Sm^^^ t,he exception of the Geckos) can be 
flW^^L shurply distlugui^tied by their dentition ». 

3SmL ^Ssk "^'l those found in America ai'e plenrodont, 

' ^j& those of the Old World are acrodont. 
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Fam. Awalabota. Uecktu, Lizards of clamsjr J 

Snlamonder-like form, and of small slse ; wiUt I 

riacous lobes on Ihu digits for attachment, a 

with biconcave vertebrie. They are all pleniiv I 

dont, and ivithout palatal teeth. They are thy, f 

nocturnal animals, and their eyes are large bi 

'"""'"'■ without lids. Thej climb and run very drilful^ J 

smooth and steep walls, with the help of their retractile claws and thisj 

ea on their digits, Tbey live for the mort part in hut countries ; only t 

r are found in South Euiope. They ave hanuless, but are erroneously Dl 

aidered as poisonous on account of Ihe acrid ftuid of their clinging digits. A*^ 

night they make a loud cry, sounding like the word " Gecko." PtetsdaetflvtM 

mauTitaniew L. (fig- I'-l-^) ; P^- Muralit Dum. Bibr. Mediterranean d 

Semidaetylin rrrriimlalxi Cuv. Meditcn'unean coaatB ; Ityclipzoii komaloo*- I 

plialum Knbl., Java. 

Fam IgoanideB. Leguana. The body, which is somewhat laterally compt 

sup[>orted by long slender legs, which are pre-eminently adajited for olimbing* < 

The head is more or less ])yramiilal, and often raised like a helmet, and Of ». I 

peculiar shape, in coasequence of the possession of a membranous jugular bm.^ 

E. Bciicke, " Dntersitcbungeu ilber dcu Karbenwechsel des afrikanigchaSJ 
Chamaelcous," DPiikfchr. dn- li. AJiad. ilcr Wiuxciiifli., Wiru, !8S2. 
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Tympanic incmbnine uaually ei|M>8ed. Many oE them hitvo a. hpiiiy dorsal 
rest, and chaagvi their colonr like the Cbamieleoiis . 

Ths foUuwlng Igoauas belong to the veestera hemisphere, and are plc^urodont : 
Pohjahms wariiioratM Guy., BniKil ; Iguana Ivbercidata haut-^^napidijai-ma 
Merr., West Indies; /.rfritoutwifmaLaiir., tropical AmericB; C'gelvm: cariitatit 
Gray, Gala ; Banliteuii mitratwn Daitl., Sonth America. 

The lullon-ing belong to the eastern hemisphero, and are ncrodoat ; Oalntti 
ophioiaarhin Ut^rr., Eoat Indies; Bran" rolao' L., Java; Lnpliiara amioinBiini 
BohJoss. 

The New Zt-iLind genus. Bafftna = Sp/wnoiloii, which was formerly reckoned 
among- the Iguanidie. shows such coneidemblo diflerenoes in its organiiatioo 
that Uilntbcr cKtabllshed for it a third order of scaly Beptiles miderthe name 
of BhynohoeBphalia,' which Huxley holds to be allied ta the extinct Triaeiic 
LacevtUinn gtoeca Sj/pfivdapridint and Jihijnplliitauruf. 

Fam. Hnmivagfl). Lixorda with broad flat bixly, Hupported by shortec limbs ; 
of almoKt toad- like aapoot. The skin is not untreqnently covered with spiny 
scales. TUcy livu ou the ground in stony and sandy plaoos, where they hide 
themselrea in pits and holes. 

To the Humivaga of America, which are all plearodont, belong PhnjaoiiBma 
trrMralarr Wiegm., TapayoJcLn, Mesico ; Friipiilviu pgclurim Wied., Braail. 



To the IJimicagic of Kasl India ami Af.-ica, which are acrmlont, and irasaesB 
canine teeth, belong Phrynvrrphaltm hFlhvcopuii Kp., Silieria ; Vroma»t4ir. 
Kpinipi-f Merr., Egypt ; Agnma ci-li"i -nun Daud.. Egypt ; S/eUia valgarvi Latr., 
Hardun, Egypt. 

8uI)-order 4. BrevUingnia. Scaly lizardB, with elongated, often 
saake-like body. The limba are very diversely developed. The 
tongiie is short and thick, without sheath, more or less indented at 
the thinner anterior end, and but slightly proti-uaible. Eyelids are, 
as a I'ule, i)resent. The tympanic membrane is often concealed 
beneath the i-kin. 

Fam, Scinflolden. Sand-LJKirds. The more or leas snake-like body is covered 
with smooth )>ony scales. The crown of the head is invested with la:gBr scutes. 
AngV'S fruffiiit L., BUndworm, Europe ; Sriaevii i>gkiHali* Laur. (fig. 6i4) 
Egypt ; -SepK chaleidica Merr.. Dalmatia : Aeotitias vialcagrit Cav., Cape. 

• A. tiilnlher, " Gontribution of the Anatomy of Hattej-ia (^RhyavhBce- 
pliahn) Gray." Phil. Train. Il"y. Son.. Loudon, vol. 157, ii., 18(17. 



320 



LACERTILIA. 



Fam. Ftyehoplanra. The body is provided witb two lateral folds at 
curereil with small scHles. Theae folds extend Iium the ivgion of the 
near tbc anus, and form the boundary between the dorsal and ventritl at 
Zeavrtii Girdi/liu Heir.—gritrHt Cut., South Africa; Ftcudopm F, 
Cav., South-east Bnropa, and iu lower Austrin ; Pygopui (^Bipea) lepi 
Lacep., New Holland (Sg. fill) ; CiaiiutKanrii an^/viiia SchD., Cape 
anttralit Daud., North America. 
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Sub-order 5. FisBilinguia. Ple'trodotiin, with long and thin, pro- 
trusible bifid tougiie, usuiiUy with complete eyelids, and al\™,ys with. 
exposed tympiinie membfajie. The scales of the trunk are small 
imbricatad, those of the long tail mostly lozenge-ahaped, 

Fam. LftoeiddEB. iloafly brightly coloured, very agile Lizards, with long 
tail and. head covered with.Bcates. The ventral surface is covered with UBually 
rhomboidal scales, arranged iii oblique row^ Liu:frta eiHpam'L., Germany 
and Sonlh Earope, viviparous ; L. ••crlla/a Daud. ; L. ririiliii, greon with 
black spots in front, Dalmatin ; L. agilU h. = Jitirpimic Daud., common 
Lizard ; L. iiiuralU Merr., South Europe ; Sflodernia luirridHM'Wiegni., Mexico. 

Faiu. AmeifidB. Lizards of the New World whose head is covered with 
scutes, aa in the Lumrtidre, while the abdomen is covered with rhomboidal 
scntes. arranged in transverse rows. T^iin iHOiiitor Merr. = T. TejiieaAn L., 
Brazil, live in holes in the earth and in hollow trunltn of trees. Feed on Mice, 
Insects, and Worms, and are, including the long tail, tour or five feet long. 
They are hunted and eaten. ArnHca vulgarU Licht., West Indies. 

Fam. HvnitDridiB, £Ioagatied Lisardfl of large slxe, without femoral por^s. 
The crown of the head, the back and the abdomen, are covered with small 
plate-like scales. The aeparatiou of the ventricles of the heart ii 
complete in the whole oriler. Piiamii""aiiruji irinoin Merr.^ Vam/i.«. 
Bum. Bibr., Egypt ; the Land Cnicodileof Herodotus ; Manili'i' mlati 
eats the eggs of the Cmcmiile. 

The Froterosanria and Theoodontia are foi^il groups of SanriauB? 
The former represent the oldest Lizards, and are distinguished by the 
possession of biconcave vertebral bodies and biiid spinous protesaeB. 
They are found in the Kupferschiefer. The Thecotlontin, also with 
biconcave vertebrae, possessed compressed teeth wedged into alveoli, 
with their ci-own.-i covered with finely serrated stria' ; they belonged 
to the Ti'la-ssic period. 

The fossil Dinosanria must be mentioned as a special order of 
Eeptiles, Theae were the colossal teirestrial inhabitants of the Jura, 
Weald, and lower chalk; in aever-.tl features of their stnicture they 
recall Mammals, especially the Pachyderm iit a. 

Other orders of fossil Saurians, as the Ornithoseelida, present 
modifications which point in various ways to the organisation of 
birds. Characterised by the praacetabtilar extension of the ilium 
and the downward direction of the elongated pubi.s and ischium, they 
possessed, at leapt in the group which includes the Jurassic genua 
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Compaiiyniilliii.s, very long cers-ical rertebrse, an idtnost biiil-like lieitd. 
very long ueck, short anteriot aod very long posterior ribs. Tlic 
Bstragains is fused wuli the long tibia, as in birds. 

The Pterosauria or Ftfirodactyls, which likewise lived princii>a,lly 

a the Jurassic period, wei* Hying Sauiians. The external fingei' of 

the baud was elongated iii the form of a Babre, and of consideiablt' 

sti-ength (fig. 118); it probably supported !m espansion of the 

\ integument, which enabled the animal to Hoat altmg in the iiir, oi' 

I even to fly. 

Rka»iphorhynehi.ni Gtmmingii H. \. M., Htbograpliic- slate. 
Pterodctctylvg lonyinmlris Cuv,, Jura. 



Hub-class 2. — Hydeosauria.* 

Aquatic Rqitilet of oonsidemble aiee, with ieel/i wedged into the 
I jawt, and leatheri/ or armoured akin, with »vnmw,ing fina or powerful 
[ feet, t/te digits of whic/i are connected hy weba. 

The Hydroaaurians, represented at the present time by the Croco- 
diles, are charncterised by their usually gigantic size, by an organi- 
sation corresponding to theii' aqiiatic habits, and by their high 
development. 

The numerous fossil forms were exclusively inhabitants of the sea, 
and had swimming fins resembling those of Whales ; the liones of 
the arm were Khort, the carpal bones and the phalajiges wei* numer- 
ous, and the digits wei-e connected. The vej'tebral columuj which 
was movable in its individual regions, and still composed of broad 
amphiocelous vert^bitt, was prolonged into a tail of considerable size, 
which was probably suiTounded by a membranous fin. At a higher 
grade of development the vertebral column consists of opisthocoelous 
reptilian vertebne, and ends with a awiniming-tail, surrounded by 
a cutaneous fold. The extremities become more and more like 
feet, and the distinctly separated digits are still webbed. Such 
forms no longer inhabit the high seu, but are found on the coast 
io lagoons, and neai- the mouths of rivere. They go up on to the 
land, and move quickly upon it, but they are unable to turn quickly 
and easily. 

The dentition shows that tlie Hydrosawriarta ui-e powerful pi'eda- 

■ H. Owen, '■ Palfpoutolc^." London, 1880. 

Hmlay, " On thedermal armonr of Jacare and Caiman, etc." Jovrn. I'roieitl. 
Linn. Soo., vol. iv., 1860. 

Bathke, " UntersucliuiijjBn libor die Eiihvickekiiij; und den Kiirjiei liaii dei' 
Crocodile." Braunackwoig, i8B6. 




HYDROSAURIA. 



tory uiiimiils. Thi^ diit head 
pi-olongei] into a. loug snout ; the J 
long jaws are armed with sharp i 
L-onical preheowle teeth, which ara i 
wedged into deep alveoli : thect'OwnsJ 
of the teeth are sometimes smooth, 
sometimes Mtriiited or siiperficiaUy \ 
folded, and ai'e gradually replaced I 
liy succeeding supplementary teeth, i 
Ribs are present iii great nnmt 
not only in the very long thoracio I 
region, but also in the cervical and ■ 
abdominal I'egions. 

In the Crocodiles there is, in the 1 
abdominal region, a nai'row stemufn \ 
abdominale, which is pi^olonged toi 
the pelvic girdle, and bears on 
sides, a number of abctominnl i 
the upper ends of whicli do not | 
reach the vertebral column (tig, 645), 
The iiiteiTial organisation probably I 
pi-esented diilerent gi'adea of per- | 
fection in the various groupa, of I 
which only the highest — viz,, that | 
found in living C'rocotlUes — can be | 
known to us. 

Order 1.— Enaliosacria, 
Ilydrosauria loith miked leathsry j 
skin, bicmmaw ■aertebrm and aurin^ I 
ming fina (confined to the aeoondaiy J 
period). 

The remains of these gigantic ii 
habitants of the sea, which lived 
through the secondary period from 
its beginning to its end, show that 
they were the moat powerful mai 
animals of that time. They w 
of extreme length, and possessed a. 
usually elongated, tiat snout with ' 



niuueroua conical prehensile teeth, a, very long niohile trunk, and 
fin-like extremities 119 in the Whales. 

Fam. ITothoraiuii {Saurojtteri/yli Owen). With cloOKaXeA bones of the 
upiierjaw which reach to the point of the long snont ; without superior temporal 
bonen ; with Biraple uooicnl teeth. Belong to the Trias. XatTnirnvrvii miraiUia 
Milnal. ; SiiHOgavrvt H. V. M., aod. others. 

Fam. FletioMOTli (Saafopterygii Owen). With long Hnalte-like neck, short 
head and tai), and elongated Bwimming Bns. The}' lived in the Jura and the 
ohaJk. HctiimaTiTiiii Conyb. 

Kani. lohthyoianrii (^Ichthyi'jiti'rygii Owen). With very short neck, thick 
elongated body, short swimming fins, and long tail probably aurrounded by a fin. 
The snout, pointed and elongated like a, beak, ia principally formed by the 
priemaxillary bones. The teeth present a striated, and folded surface, and are 
cloBel7 crowded together. They are found principally in tile Jui^a, rarely in 
the chiilk. lehtliyi'taTii'Hi cmumnnU De la Beche, etc. - 



Oitler 2. — Obocodilia (Loricata), 

Mydroaawria, with boni/ dertiial plates and teeth medyed into the 
bones o/thejatos, to iohicA (Aey are confined; wiik four partly clmoed 
fut and long, keeled aiovniiidng tail. 

The extremities no longer fanve the form of swimming fins, but of 
freely articulated legs and feet with separated digita. The integu- 
ment is granuki- tuid leathery, and contains, especially on the doitial 
surface, large and iii part keeled, osseous plates. On the tail these 
plates form a dentated ci'est, paired in front, but in its hinder part 

The broad fla,t akuU is distinguished by the corroded appear- 
ance of the sui'face of the bones, and posseswes sepmuted alisphenoids, 
and above the miLxillo-jngiil iircade ii supiii-tcmijoml ar«ide, which 
is separated fi-om the orbit by a bony bridge (process of the post- 
frontal and jugal). The roof of the akidl ia formed by an unpoii-ed 
parietal and frontal, to which are joined the puj'ed nasal hones. The 
upper jaws are fii-mly united with the skull and are elongated so as 
to form a long snout, at the end of which the paired prssmaxillary 
bones are wedged in. The sidea of the snout ai-e formed by the 
maxillary bones which are very large. The pKemaxillHries, which 
bound the nasal apertures, and the mosillaries develop horinontal 
palatal plates, which meet in the middle line and form the anterior 
part of the hard palate. The lacrymal is always of considerable 
size. Behind, the palatine and pterygoid develop palatal plates which 
unite suturally in the median line, iind constitute a completely closed 
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roof foi' the liuccnl cavity. The potiterior niu'Cs wliichare siiiTOunded'l 
by the puired vomeris open at the posterior margin of the Imccal'l 
cavity. The conical teeth, whicli are completely confined to tha-l 
bones of the jaws [prtemasillte, maxillte, and mandible], are deeply ■ 
wedged iuto ulveoli, and they present slightly eoinpreiised striated j 
crowns. The fourth tooth of the mandible is usually distinguished J 
by its great size us a prehensile tooth, and, when the jaws are shut, J 
fits into a gap or an excavation in the upper jaw. In the Telea~a 
gawia the vertebrte are amphiccelouH ; in the Steneogauria, which an|9 
also extinct, they are opisthoccelous, and in the C'l-ocodiles of the pre 
sent day procwloiis. 

The internal organisation of the li\*ing Ci'oeodiles is the highea 
amongst all Eeptileji. The eyes have vertical pupils and two lids a 
well as a nictitating membi'ane. The nasal opeiiings he far forwar^il 
on the point of the snout, and, as well ils the ears which are placed I 
far Ijack, can be closed by euhmeous valves. The buccal cavity, b 
the floor of which iis attached a flat non -protractile tongue, ia withooB J 
salivary glands, and leads by a wide (esophagus into the rounded 
muscular stomach, which resembles that of Birds in form and struc^fl 
ture, and specially in the aponeurotic discs of its internal lining.V 
The Etomaeli ia followed by a thin-waUeii duodenum, whieh k beset,! 
with papillse, and passes into the small intestinCj which is folded ii 
a zigzag fashion. There is no ctecal appendage to the short widftl 
large intestine. The latter becomes nari-ow and almost fui 
shaped, before it opens into the cloaca, fix)m the anterior wall of 1 
which arises the erectile copiilatory organ. The structure of the J 
heart is the most perfect found in all Reptiles 
plete separation of a right venous and a left arterial poi-tion, afibrds j 
a dii'ect transition to that of the warm-blooded animals. Finally, 
the fi'BB commuuication of the body cavity by openings of the 1 
so-called peritoneal canals, which recall the abdominal poi'es of the ' 
Ganoids and Selachians, desei'vea to be mentioned as peculiarities of J 
the CroL'odilia. 

Three groups of Crocodiles ai-e to be distingnisheil ; two of these I 
the Tdeoaaui-ia (Amphicalia) and Sleneosauria {Opiithoccdia) i 
extinct. The former with the genera Mi/striosaurus Kp. and Teleo- • 
saurut Geoffr. are confined to the Jurassic formation, the latter with ' 
Steneosaurug Geoffr. Getioaaurus Owen, etc., occur in the Juia and I 
in the chali. Only the third group of the Crocodiles or Proadia i 
has persisted from the chalk onwui-ds tJirough the tertiary period to ] 
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Sub-order FrocGelia=Crocodilia, s.str. 

With pi'ocoelous vertebrae and long compressed swimming tail, the 
dorsal side of which bears a double cutaneous crest, which becomes 
single at the posterior end. The anterior feet with five free digits ; 
the posterior with four digits, which are more or less united by 
webs. Live in the mouths and lagoons of great rivers in the warmer 
climates of the Old and New Worlds, and seek their prey by night. 
The hard-shelled eggs are laid in the sand and in holes on the banks. 

Fam. Crocodilidse. The so-called canine teeth (fourth tooth of the lower 
jaw) fit into a notch of the margin of the upper jaw. Hind feet with com- 
plete swimming membrane. Crocodilus v\dgaris Cuv., Nile. C. rhomhlfer 
Cuv., Cuba. 

Fam. Alligatoridse. The snout is broad and without notch for the so-called 
canines of the mandible. Swimming membranes only partially developed or 
rudimentary. [Found only in America.] Alli/iator lucius Cuv. ; Caiman 
(Jacare) sclerops Schn. 

Fam. Gavialidse. RTiamphofitoma ganycticum Geoffr.. East Indies ; Rhyncli- 
osuchus Schlegi'Ui Gray, Australia. 

Sub-class 3. — Chelonia.* 

Reptilia of shorty stout form of body, with an upper and lower 
osseous shield which covers the dorsal and ventral surfaces. There are 
four feet, and the jaws are without teeth. 

No other group of Reptiles is so clearly defined and characterised 
to the same extent by peculiarities of form and organisation as is 
that of the Chelonia. The investment of the body by an upper, 
more or less arched and usually osseous dorsal shield (carapace), and 
by a lower ventral shield {plastron), joined to the former by lateral 
arches, forms a character as distinctive of the Chelonia as is the 
possession of wings and feathers of the class Aves. 

The shield-like, dermal armour (fig. 646) beneath which the head 
extremities and tail can often be retracted, owes its origin partly to 
osseous parts of the vertebral column and partly to the accessory der- 
mal bones, which are intimately connected with the former. The 
flat plastron contains nine more or less developed osseous pieces, an 
anterior unpaired interclavicular, and four pairs of lateral pieces (the 
anterior being distinguished as clavicularia) between which there 

* H. Rathke, " Ueber die Entwickelung der Schildkrotcn," Braunschweig, 
1848. 

Gray, " Catalogue of the Shield Reptiles in the Collection of the British 
Museum, Part I., London 1855, Suppl., 1870, Append., 1872. 

L. Agassiz, " Embryology of the Turtle." Natural History of the United 
States, vol. III., part III., 1857. 
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mi\j be left it meiliim sfMw^e, closed hy skin or cni'tilage {Tri(mi/x,M 
C/iel-oniii, etc.). The spinous processea and ribsot' the thoracic vertrebne;! 
Luke part in the formation of the large C!irap»ce, as well ae a numbsir j 
of paired and unpaired osseous dei-mal plates, which are placed partly I 




a the median line in the neck {nitchat plate), and in the sacral regiMi.' I 
nd partly laterally at the edge of the shield (23 mar-' 1 
ginal plates). 

While the spinous processea of eight of the thoracic vertebrte (3ni}'| 



ClIELONIA. "237 

to 9th) appear in tfae median line us hoiizoatal plutea [neurtd 
piates], the ribs of the same vei-tebne (2tid to 9th, theM ribs are dis- 
tinguished from the firat and last ribs by their greater length) are 
transformed into broad transverse plates [co»ta! pUttei], which are 
joined with one anothei' by indented sutures, and present the special 
peculiarity of giving off broad processes, which arch over the muscles 
of the back, and iim connected with the neiu'al plates {expanded 
apinous pi-ocesses). In addition, larger plates, which owe their 
origin to comiiicationB of the epidei'mis, are usually present. They 
are applied to the outer surface of both the dorsal and ventral shields 
and ore used, in the ease of some of the larger species, as tortoise- 
shell. They by no means coirespond with the auhjacent bony pieces, 
but are veiy regularly arranged in such a manner, that in the dorsal 
shield a median and two lateral rows of plates can be diKtinguisheni, 
and round the pei'iphery a circle of marginal plates. On the ventral 
surface, on the other hand, there ia a double row of such plates.- 

Unlike the middle (thoracic) region of the vertebral column, the 
vertebne of which are firmly connected with the dorsal shield, the 
cervical and caudal vertebne are always movable upon one another. 
The cervical region is exceedingly flexible, and can be more or leas 
completely retracted within the shell j it consists of eight long ver- 
tebite, which are *vitho«t ribs. The ten rib-bearing vertebra are 
foUowed by two or three sacral vertebne, which project beneath the 
carapace, and by a, considerable number of very movable caudal 
vertebrte. 

The head is tolerably arched ; the hones of the sknll are firmly 
united to one another by sutures, and form a broad roof, wliich is 
prolonged into a strongly developed occipital ci-est. The skull is 
chai'acterised by the possession of a paii- of parietal bones and of 
large anterior frontals. Descending lamellar pi-ocesses of the parietal 
bones extend along the sides of the cartilaginous cranial capsule as fai" 
as the short basisphenoid. The temporal fossa is moat completely 
roofed in in the marine C'/ielonia by broad osseous plates which are 
formed by the poatfrontal, jugal, quadrato-jugal, and the squamosal. 
The opisthotic reniains as an independent bone behind the prootic, 
which forms the lateral walls of the cranial cavity. All the pai-ts of 
the maxillo-palatine apporatiis as well as the quadi-ate are firmly 
connected with the Irones of the skull, and are marked off from one 
another by serrated sutures. The facial parts of the skull are 
strikingly short, and the nasal bones are absent. The bony palate 
is formed hy the broad palatine and tlie unpaired vomer, behind the 



jmlatine plates of uhieli the posteriop nures o|)eii. The pt^iygoidgj 
aw very linwJ iiud laiuellttr. Teeth are completely absent, botli on, 
the palatal bones aad on tbe high, relatively shot't bones of the jawi^.f 
but the edges of the latter are CDV-ei-ed, like the beak of a bird, byB 
sharp cutting, ueiTiiled horny plates, which enable certain iipeciea 1 
to bite with great vigour and to inflict sensible wounds. 

The t'oiu- limbs enable the Clielonia to creep and rmi on land : in 
the aqviatic forms, however, they are swimming feet or fins. The i 
position of the pectoral and pelvic girdles, and of tbe corresponding 
moacles, between the dorsal and ventral shields, is i-emiirkable ; but is 
fully explained developmentaJly by the gnjwth of the ajiteiior and 
posterior ribs. The scapula is formed of an ascending i-od-like bone, 
the upper end of which is attiached to the transverse process of the 
anterior thoi'acic vertebi'a by !i ligamentous or cartilaginous connec- i 
tion. A strong acromial process (pi-ocoracoid) reaches from the | 
scapida to the unpaired portion of the venti'al shield, to whiah it i 
likewise attached by a ligamentous or cartilaginous oonnectioii. The I 
pelvis closely resembles that of tbe Saurians, aud except in the Land 
Tortoises is not firmly connected with the carapace. 

In the organs of digestion and reproduction Cbelonians partly 
resemble Crocodiles aud partly Birds. They especially resemble the 
former in the atnicture of the male generative organs, and in the 
possession of peritoneal canals, which ore, however, closed. The 
opening of the genital ducts and the lu'etei-s into the neck of the 
iirinary bladder, which accordingly functions as a urogenital sinus, 
is worthy of remark. The eyes are placed in closed orbits, and have 
lids and a nicticating membrane. There is always a tympanic , 
cavity with a wide Eustacliian tube, a long columella and a tym- 
panic membrane, which is visible externally. The tongue is attached ' 
to the floor of the buccal cavity, and is not protruaible; in the Land | 
Tortoises it is beset with long papillie. 

The copulation lasts a day, and during that time the male isafl 
carried on the back of the female. The eggs are laid in small C 
number, except in the marine Chelonia, in which they are 
numerous. They contain within the shell a layer of albumen, aur- 
roiLuding the yolk, and are buried in the earth, in the aquatic- J 
Cbelonians near the shore. According to Agassiz tbe North American 
Marsh Tortoises lay eggs only once in tbe year, while they copulate 1 
twice (in the spring and autumn). The first copulation, according i 
to this investigator, takes place in Emyg pieta in the seventh year,. 
the lirst deposition of eggs in the eleventh year of the animal's life, J 



Tlieye facts agree witli the slow growth of fclie body of the Toi'toisea, 
and the gifftt age which they attain. 

The (JheloQians belong mainly to warmer climates, and live piTii- 
cipn-lly on vegetables ; many of them, however, also liveon MolluMea, 
Criist«cea, and Fishes. 

Fossil remains at-e first found, but I'aj-ely, in the upper white Jiii'a. 
Moi-e numei'oufi remains ai* found in the Tei-tiary pei'iod. 

Pam. Chaloniadae. Tortlea. With flat dorsal and often cartilaginous ventral 
shiel'i, between which the head and extraraitiBS cannot be retracted. The 
latter arc fin-lilte feet, with imtutivably eunnected digits, which are visoaily 
withont nails, and are covered by a common akia. The anterior limba are much 
iuogor than the posterior. CMnaia eiriilentii Merr. ; Ch. (^Qirttta) iinbrirala 




L., Atlantic and Indian Ocean; Thaliumchrlys caretia 1 

{&K. fi47), Atlantic Ocean and Mediteitanoaii ; ^liars'" forianea Uray. Rare 

in the Mediterranean, more common in the Atlantic Ocean and Sooth Sea. 

Fam. Trionyeid*. Soft or Mod Tortoi^s. With flat, oval, incompletely 
iHsiSed dorsal shield, and long retractile neck. Jaws with cutting edges, aui- 
rounded by Beshy lips. The head and feet are not retractile. The naaal 
openings are on the long snout. Trionyx feriix Merr. A fierce animal. Found 
ill the rivers of Georgia and Carolina. Good to eat. 

Fam. Chelydv. Head and feet not retroctUc. Latter end with free digits, 
which are webbed and furnished with claws. CJwlyit Jiaibriata Sehweig, 
Matamata, South America. 

Fam. EmydtB. Freshwater Tortoises. Dorsal shield flat, plastron usually 
small. Feet thick, with freely movable digits, which are connected by a web. 
Thoy swim excellently, and move tiso vrith great facility on land. They prin- 
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cipally inhabit sluggish rivers and ponds. Chfndo evropaa Schncid. = Ivtaria 
Gcsn., the common Tortoise of South Eumpe and East Germany ; Emys oattpU^a, 
on the Caspian Sea, in Dalmatia and Greece ; Chclydra serpentina L., with very 
sharp jaws, in North America. 

Fam. ChenidsB. I^nd Tortoises. With high, arched, ossified carapace; 
head and feet retractile. The digits are immovably connected as fe,r as the 
nails to thick club-feet, with indurated soles. They live in damp and shady 
localities in warm and hot climates, and feed on plants. Tcstiuio gratca L., 
nemm'alh Aklr., = nfarf/fnata, South Italy : T. tahulata Daud., in America. 



CHAPTER VIII. 
Class IV.— AVES * BIRDS. 



Warm-blooded oviparous animals, covered with feathers, TliecJtam- 
hers of the heart are completely sejyarated. The riyht aortic arch' 
persists. There is a simjle occipital condyle, and the anterior limbs are 
transformed into winys. 

As opposed to the poikilothermic Vertebrates (i.e., Vertebrates 
whose tempei'ature varies with that of the external medium) the 
blood of Aves and Mammalia possesses a high temperature, which 
remains tolei-ably constant in spite of the changing temperature of 
the external medium. This maintenance of a constant temperature 
demands above everything a great energy of metabolism. The sur- 
face of all the vegetative organs, especially of the hmgs, kidneys, and 
alimentary canal, has a relatively gi*eater extension in the warm- 
blooded than in the cold-blooded animals. The operations of diges- 
tion, preparation of blood, circulation and respiration are carried on 
with much greater energy. With the need of a richer nourishment, 
the processes of vegetative life take a disproportionately moi*e rapid 
course, and as the high and uniform tempei-ature of the blood is a 
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condition nectssafy to theii' yerj' maintenance, they settm lo be tlje 
principal Hoiiree of warmth produced. Since the loss of heat is 
greater when the tempeiuture of the external medium is lowered, the 
activity of the vegetative organs mnat conaderably increase in the 
colder eeoaon of the year, and in the northern cliniatea. 

In addition to the continual addition of new quantitiea of heat, a 
second cause contributes to the maintenance of the constant tempera- 
tui-e of the warm-blooded animals. This is the protection afforded 
by the special nature of the covering of the body. While the Ver- 
tebrates with a Tariable temperature have a naked or armoured skin, 
Birds and Mammals have a more or less close coveiing of hairs or 
feathers, which liioits to a great extent the loss of heat by I'adiatiou. 
The large aquatic animals, on the other hand, have a scanty co\-ertng 
of hair, but they develop thick layers of fat beneath the cutis, which 
serve for the retention of heat, aoid at the same time for hydrostatic 



There is in all cases a mutual relation of a complicated kind be- 
tween the factors which favour the withdrawal of heat and the 
conditions of the retention and the formation of heat, 4 relation which 
in spite of many variations in ita individual factors resnlts in the 
equalizatioD of the heat genemted and the heat lost. Some Mam - 
raals are able to maintain theii' propei' temperature only within certain 
limits of the external tempeiature ; these animals are to a certain 
extent incompletely honiothermic, and when the temperature sinks 
below a, certain point they foil into the so-called winter-sleep 
{liibernation), i.e., a state, of rest characterised by an almost com- 
plete absence of movement, and by a. diminution in the energy of all thfc 
rital proces.«s. In the class of Birds, whose highei" temperatui'e 
jwrmits of no interruption or limitation of the vitnl functions, thew 
is no example of hibernation. But these animals have numerouN 
means of heat adjustment at their disposal ; in particular, the swift- 
ness of their flight enables them to leave theii' homes at the approach 
of the cold season, and to betake themselves to warmer climates, 
where food is abunduJit. The common migrations of the migratory 
birds, migrations which sometimes extend over great distances, to a 
certnin extent take the place of the winter-sleep of the hibernating 
animals ; in the Mammalia whose organisation permits of hibernation 
migi-fttioiis like those of Birds are veiy rare. 

The most essential peculiarity of Birds, and one with which many 
cluiracteristics both of external appearance and of internal organi- 
wition are correlated, is their power of flight, This peculiarity in 
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connection with these characters determines the sharp definition 
as well as the relatively gi*eat uniformity of the class, which, 
indeed, is descended from the Saurians, but exists at the present 
day without any forms ti'ansitional to other groups. On the 
other hand, the remains of a group of Saurians i^Archoeopteryx 
lithograjyhica) have been discovered in the Sohlenhofen lithographic 
slate which combine characters of the Pterodactyls with those of 
the Birds. 

The entire structure of the body of Birds corresponds with the two 
principal modes of locomotion — on the one hand flight, and on the 
other walking and hopping on the earth. The trunk, which is oval, 
is supported in an obliquely hoiizontal position on the two hind legs, 
the pedal surface of which stretches over a relatively large area. 
Posteriorly the body is prolonged into a short rudimentary tail, the 
last vertebra of which serves for the support of a group of stiff 
steeling, or tail feathers (^rectrices). In front it is pi*olonged into a 
movable neck, on which is balanced a light, rounded head, with a 
projecting, horny beiik. The anterior extremities, which are trans- 
formed into wings, lie folded together at the sides of the body. 

Ai^rangements for lessening the weight of the body are discernible 
in the special structure of all the systems of organs; these ai'e 
especially noticeable in the structure of the osseous skeleton. The 
bones contain aii*-spaces (jyneuinaticity), which communicate with 
the aii'-sacs of the body through openings in the dense and firm 
osseous substance, which is however confined to a relatively thin 
layer. This pneumaticity is most highly- developed in those birds 
which combine a quick and^ enduring power of flight, with a consider- 
able size of body (Albatross, Hombill, Peliwm). In these cases all 
the bones except the quadi-ato-jugal and the scapula appear to be 
pneumatic, while on the other hand in the Ratitce (Ostrich), which 
have lost the power of flight, all the bones except some of the 
ciunial bones are filled with marrow. 

The Skeleton. — Except in the Ostrich-like birds, the cranial bones 
very early fuse together to form a light and firm skull, which ai-ticu- 
lates with the atlas by means of a single condyle. The squamosal ' 
and periotic bones (prootic, epiotic and opisthotic) fuse to form a 
single bone which is united with the occipital and with which the 
quadrate .articulates. The large frontal bones take the principal 
part in the formation of the ci'anial roof. Almost the whole of the 
upper edge of the large orbit, which in the Parrots is closed by a 
lower ling, is formed by the frontal bones. An independent lachry- 
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of the lowfr JHw mid tbe maxillo-palatine iippiratus are enabled t 
Kpeoial articular aiTangemenUs to more on the temporal bone an 
on corresponding processes of tbe basispbenoid. The quadrate, whicb 
is> articulated to the tempoi-al bone, haa, besides the artieular surface 
of the lower jaw, movable connections with the long rod-like 
tjiiadi-ato-jugal, and with the usually styliform pteiygoid which runs 
obliquely inwaivls, while the base of the upper beak presents a thin 
elastic place below the frontal bone, or is separated fi'om the frontal , 
bone by a tmosverse movable suture. When the beak is opened^rnl 
and the lower jaw is moved downwards, the pressure on the quadrate-fl 
bone is tinnsferi'ed to the I'od-like qnadrato-jugal and the pterygoidiJ 
bones, nnd from these is transmitte 
partly directly and partly by means OEM 
the palatine bones to the upper beak, so^fl 
that the latter must be ni 
luised at that point. Tht^refore, wben j 
the mouth is opened, the end of the J 
lieiik is laiaed. The greater part of thQ 4 
upper beak is formed by the unpaired' I 
pi-ffimasilla, with the sides of which the I 
luaxillje are fused, while an upper medi&il f 
proeess ascends between the nares and '1 
imites with the frontal on the inside crf^| 
the nasal bones. 

The h\oid bone {lig, 649) is prolonj 
into a posterior rod ; its anterior * comi^ 
aie usiiallv two-jointed and e 
netted with the skull, Ijut in 
thej are much elongated and arch ov« 
the skull as tai en the forehead (Woodpecker). They then c 
tute in ixmnection nith the muscles of their sheath a mechanism {I 
the proti-usion of the tongue 

In the vertebral colnnm (fig 650) a very long morable c 
region, a rigid iorsal an I peh ic i-egion and a mdimentary, ( 
slightly movable caudal region can be distinguished. In Birds-] 
there is no separation of thoracic and lumbar regions as in Manunala^f 
since aJl the dorsal vertebrse bear ribs and the region correspondi 
with the lumbar region takes a share in the formation of the i 
The cervical nnd doi-sa! regions also ai* not shai'ply distinct frontf 

• f siially [lesci'iHw! as tbe jiosterior ooi'mia, Et 
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one another, since the cervical vertebrae, as in the Crocodiles, bear 
ribs, which unite with the transverse processes to form a foramen 
ti-ansversarium. The neck is long and always freely movable, and 
contains 9 to 23 vertebrae (Swan). The shorter dorsal vertebrae are 
always less numerous ; they have superior and inferior spinous pro- 
cesses and all bear ribs, to the ventral ends of which sterno-costal 
bones are articulated at an angle which projects ba<;kwards (fig. 650, 
Stc), The sternocostals also articulate with the margin of the 
sternum, and serve when they are extended to increase the distance 
between the latter and the vertebral column. But, since the ribs 
are firmly applied to one another by means of posterior processes 
{processus uncinati), the movement of the sternocostal ribs must 
necessarily affect the thorax as a whole, and dilate it (inspiration). 
The sternum is a broad flat bone which covers not only the thorax 
but a great part of the abdomen, and bears a projecting keel-like 
crest which serves for the attachment of the muscles of flight 
(Carinatce), The sternal crest is reduced or obsolete only when the 
power of flight is feeble or entirely absent (Eatitce), 

The rib-bearing dorsal vertebrae are followed by a tolerably exten- 
sive division of the vertebral column, which corresponds to the lumbar 
and sacral regions, and which, by the fusion of a number of vertebrae 
with each other, and with the long iliac bones of the pelvic girdle, 
presents the characters of the sacrum. The sacrum is much elon- 
'gated, >and includes sixteen to twenty and more vertebrae ; of these 
a certain number can be shown to be lumbar (praesacral), and are 
almost always preceded by two to three rib-bearing dorsal vertebra?. 
Then follows the true sacrum ; it consists of two vertebrae, which are 
equivalent to the saciul vertebrae of Lizards and Crocodiles, and 
constitute by means of their transverse processes (with fused ribs) 
the main support of the pelvis near the cup of the hip-joint 
(acetabular vertehrce). Finally the true sacrum is followed by a 
postsacral region, which is composed of from three to seven of the 
anterior caudal vertebrae. The short caudal region, which succeeds 
the postsacral, consists, as a rule, of from seven to . eight movable 
vertebi*ae, of which the last is represented by a vertical, laterally 
compressed plate — the pyyostyle — to which the muscles for the move- 
ment of the steering feathers (rectrices) of the tail are attached. 
This deep ploughshare-shaped terminal body is composed of from four 
to six vertebrae, so that the reduction of the number of the caudal 
vertebrae, as compared with that of the Saururce [Archceoj)teryx), is 
by no means so considerable. 
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Shoulder girdle and wings. — The peculiarities of the anterior ex- 
tremities are connected with their transformation into wings. Their 
connection with the thoi-ax Ls always a firm one, since iipng organs, 
whose movement pre-supposes a gi-eat expenditure of muscular power, 
requii'e the necessjiry support on the ti-unk. WhUe the scapula, 
which is a long, sabi-e-shaped bone, lies along the doi'sal side of the 
thoracic framework, the clavicle and coracoid, as pillar-like supports 
for the shoulder- joint, are attached to the sternum. The two clavicles 
are fused so as to form a fork {furcula). The anterior extremity 
consists of a humerus, a longer forearm composed of radius and ulna, 
and the reduced hand. The latter contains' only two carpal bones, 
an elongated metacarpus and three fingers — \'iz., the pollex or thumb, 
bearing the so-ctilled bastard wing (alvla), a middle finger, and a 
little finger. The humerus, the forearm, and the hand are so 
placed when at rest, that the humerus is directed backwards, the 
long forearm lies tolei'ably parallel to it and is directed forwards, 
while the hand is again bent backwards. 

Pelvic girdle and legs. — The girdle of the hind limbs has the 
form of an elongated pehds connected with a great number of lumbar 
and sacral veitebne, and except in the ostrich (StriUhlo ccimelus) is 
without a symphysis pubis. The short and powerful femur is directed 
obliquely horizontally forwards, and concealed beneath the flesh 
and feathers of the abdomen, in such a manner that the knee-joint 
is not visible externally. The crus, which is much longer and more 
extensive, is chiefly composed of the tihla, the Jibula being quite 
rudimentary and represented by a styliform bone on the outer side 
of the tibia. The crus is always followed by a long forwardly directed 
bone — the tarao-'nietatarsus — which is composed of the fused tarsal 
bones of the distal tow (intertar sal joint), ^n<di of the metatarsal bones. 
The tai*so-metatarsus varies much in length, and is the cause of the 
differences in the length of leg. At its lower end it divides into 
three processes, which are provided with articulating heads, for the 
attachment of the same number of toes. When a foui'th toe is 
present, there is always a small bone on the inner side of the meta- 
tarsus, and to this bone the fourth inner toe is attached. The thi-ee 
or four toes (only in one case is the number reduced to two) ai*e 
composed of several phalanges, the number of which increases fiom 
within outwards in such a manner that the first toe has two, the 
fourth (external) five joints. 

[The digits present in the Avian pes are Nos. 1, 2, 3, 4, or 2, 3, 4, 
or in the Ostrich 3, 4. Digit No. 5 is never present.] 
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The muBcleH of the thonix a 
with the power of flight, and i 
consequenue of which the toes ai 
sits, deserves mention. 

Exoskeleton. — The most important character iu the external ap- j 
pearance of Birds is their covering of feathers. The skin is only^ ] 
naked in ii few places — as on the beak, the toes, usually o 
metatarsus, nnd sometimes on the neck (Vulture), or even on thfi I 
abdomen (Ostrich) ; and also on the cutaneous outgron*ths of tlie i 
head and neck (Gallinaceous birds and Vulture). While the naked i 
.skin at the base of the beak is soft (so-called cere), the edges of the' J 
beak are usually cornified, and ai-e only exceptionally soft (Ducka^'l 
Snipe), and then ai'e richly innervated and serve as a fine tat'til^l 
organ. Tht) skin on the toes and tarso-metatai'sus is also cornified/ 1 
so ns to form a firm homy covering, which is sometimes ^■annlai', f 
more often divided into scales, and which may afford important I 
systematic characters. When this integament forms a long con-1 
tinuous horny sheath on the anterior and lateral surfaces of t 
metatarsus, the latter is termed lam tniplanlar (Thrushes and Binging-C 
birds). The following special homy structures may be mentioned—^ 
tLe claws on the toes, the so-cailed spurs on the posterior and internal I 
edge of the metatarsus in the male GaUinaoece, and sometimes on thftf 
thumb- joint of the wing {Fai-rii). 

The feathers of Birds con-espond to the hairs of Mammalia, and. I 
like them ari.se in pits of the dermis lined by the e])idermis. At thag 
bottom of the pit there in a vascular papilla, the epidermal invest- 1 
ment of which gives lise by its rapid gi-owth to the first rudiment c 
the hair or feather, around which the epidermal lining of the [oft'l 
lies Hke a sheath. In the feather the axial part or stem with thp'i 
ccUamva and shaft (rhadtla) \» to be distinguished fiom the vane I 
ivexiUuni). The cylindrical hollow calamus is partly embedded ra.\ 
the skin, and encloses the dried-up papillg, (pith) ; the rhaehis is thd J 
projecting part of the stem, and bears a nimiber of latei-al p 
the 6nr6«— which with theii' attached parts (barbulea) constitute thej 
vane {vexilluin). The lower slightly concave side of the rha«h>S J 
presents along its whole length, from the end of the calamus tO'V 
the point of the feathers, a deep longitudinal groove, at the bassV 
of which a second feather^the aflershaft {hyporhadiia) — ariseNf4 
which, as well as the main-shaft, gives ofi^ two rows of barbs, butT 
only in rare eases (Cassowary) reaches the length of the main shaft,, J 
and is sometimes (wing and tail quills) completely absent. The borbsj 



(rami) send off barbnles (j-adii) arranged in two i-ows, and the Imt- 
imles (ftt any rate of the front row) bear batbicels and booklets, 
which by their matual interlocking effect the iirm connection of the 
whole veicillum. 

According to the nature of the stem and barbs, the following kinils 
of feather can be difitinguished — contour /ealAers (pennoi), with atifl' 
shaft and firm veimlliim ; down/euthera (plujiue), with soft shaft and 
vane, the barbe of which beiir round, or knotty barbnles without 
booklets ; and finally .^^wmes {jUoplwm<»), with slender brMtle-like 
shaft, the vane of which is reduced or absent. Thspennm determine 
the external outline of the plumage, and attain their greatest size as 
remiges in the wings and as rectnceg in the tail. The plitnitE foim 
the deep layer of the plumage, and are covered hy the contour 
feathers ; they serve for the retention of warmth. The filoplume.s, 
on the other hand, are distributed more among the pennm, and at 
the angle of the mouth have the appearance of stitT bristles [vibriasai). 
There are, moreover, many forms of feathers intermediate between 
these principal forms. In the autumn there is a complete change of 
feathers {autumnal moult), whei-eas the gpriny moult by which the 
bird acquires its breeding plumage i.i only rarely connected with a 
complete new foi'mation oE the plumage. As a rule, the spring 
moult consists in a colouring of the feathere (probably by chemical 
change in the pigments already present), and xometimeu in a mechani- 
cal breaking off of certain parts of the feathers. 

Birils have no sebaceous or sweat-glands, but the™ is often a 
bilobed gland above the last caudal vertebra. This gland (the 
vropygial gland, or oil-gland) has a simple duct, and its oily secretion 
serves to anoint the feathers. 

The plumage is only I'arely distributed evenly over the whole of 
the body (Aptenodytes). Usually the contour feathei-s are airanged 
in rows — the so-called pteryla — between which there are spaces— the 
apteria — which are naked or_only covered with down (tig. 651). Tim 
form and distribution of these spaces present modifications which 
can be used in classification. 

The grouping of the feathei-s on the anterior limbs and on the 
tail determines the utility of these organs ns wings and steering 
apparatus i-espectively. The wing has to a cei-tain extent the 
form of a fan, which can be foliled at two points — viz., the elbow 
joint and the carpal joint ; its surface is formed by the large 
remiges on the under surface of the hand and forearm, but partly 
also by special foldw of the skin, which stretch between the body 
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and humerus, and between the humerus and forearm. The posterior 
of these folds is of importance in connecting the wing with the body ; 
the anterior has a relation to the mechanism by which the wing is 
unfolded, inasmuch as it contains an elastic band which extends 
along its out«r edge from the humerus to the articulation of the 
hand, and which, when the forearm is extended, exercises a traction 
on the thumb side of the carpal joint, and so causes the simultaneous 
a of the hand. 




(after Nits 



The large wing-feathers (remiges) are attached along the lower 
edge of the hand and forearm. Those which are attached to the 
hand, from the extremity of the wing to the carpal joint, are known. 
as primary remiges {fig. 652, IfS), while those attached to the fore- 
arm as far as the elbow joint are called secondary remiges {A S). 
There are usually ten primaries, and a greater but variable number 
of smaller secoudaries. 

A number of feathers (coverts) attached to the upper end of the 
humerus are called scapulars {parapterum), and some feathers fas- 
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teiied to the thumb-joint (sometimes replaced by a spvir) are called 
the bastai-d-wing (alula). All the remiges are covered at their base 
by shorter feathers, which are arranged in overlappiog rowri, and are 
known as coverts (leclricea, fig. 652, T). In certain cases the wings 
ittiiy become so much reduced that the power of flight is almost or 
quite lost, a condition which is met with in some running anil land 
liirds (Dhiomithidie, Kiwi and Ostrich), and also in certain water 
(Penguin). 

The great contour-feathers of the tiiil are called rectrices (SC). 
Iiecaiise during flight they ai-e 
used for altei'ing the direction 
iind for steering. There are, 
as a rule, twelve (sometimes 
ten or twenty and more) rec- 
trices attached to the last 
caudal vei'teTjra in such a way 
that they can be moved singly, 
and unfolded laterally like a 
fan, as well as be all raised or 
depressed together. Tlie i-oots 
of the tail quills are eovei-ed 
by a number of coverts, wliicli 
in some cases attain an extra- 
oi-dtniu'v size and shape, and 
constitute iin ornament to the 
Bii-d (Peacock). When the p^ 
power of flight is absent the ' 
tail loses its significance a» a 
steering apparatus, and the 
tiiil quills ai-e reduced or com- 
pletely absent. In such cases, 
JLOwever, some of the coverts 
mav attain a considei-able size : 




I. eS2.— NomeiiclBturc of the ploniBfte atiil 
jgionsofflOBiSjcUfoann-nfa (wax-ffingXslightlj 

modified nfler Beichanbscli). S, torohaftd ; Sc, 

oocipnt i Bk, hind-bTOd ; 2. lore ; W, chesk ; 

y, napei E, bftok; X, Ihroat; Jc, biatst; Ba. 

hellj; SI, venti B, tAil corerts; SI, tail, witli 

sriw ; I", coirerta (tectricee) ; P, Bcapulaia (para- 
])U)nua); Al, basUird ridk (nliila). 



'namental feathers. 

Tlie hind limbs, which are principally used in the locomotion of 
tiie animal on firm ground present numerous varieties, according to 
the mode of locomotion of the Bird. In the first place, walking 
legs, or pedes grmlarii, and wading legs, or pedes wcdantet, are to be 
distingiiislied (fig. 653). Tlie former are much more completely 
feathered, being covered at least as far as the articulation of the 
heel; but they vary considerably, The following ^-arieties may be 
distinguished (fig. 653) : — pedes cul/iumanfes, with four toes directed 
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Hre fused us far as the middle, Alcedo (e) ; pedes itigiderUes (/"), the 
iimei' toB is behintl, the three itnteriorly directed toes are united by 
a short membrane, Falco {/). Sometimes the outer toes of the 
pee scaiisoriiM {Cucidue), and the inner toe of the pes adfuimans 
{Goliiis) can be turned both forwai'ds and backwards. The wading 
legy (p. vadantes) as opposed to the walking legs (jp. gradarit) are 
characteidsed by the partly or completely naked, luifeathei'ed tibial 
i-egiou ; they nre fmmd principally in Water Birds, amongst which 
the GraUatores have wading legs with a very long metatarsuB — the 
ao-called pedes graSwrii. The p. yrallarii may be distinguished into 
p. coUigati, in which the anterior toes are iinited at their roots by a. 
short membrane, Cleonia {y) ; and the^. semiooUigaii, in which this 
membranous connection is confined to the middle and outer toes, 
Limosa. The running legs (p. cwesorii) are powerful ^ede* graitarii 
without hind toes, and with three (Rhea) or two Sbruthio (h) strong 
front toes. The short wading legs of the swimming birds, as well as 
the longer leg.s of the GraUatores, pi'eeent with regard to the structure 
of their feet the following types ; — Swimming feet, or pedes pahnati, 
when the three anteriorly dii*ected toes ai'O connected as far sis their 
extremities by an undivided swimming mejnbrane or web, Anas (i) ; 
lialf swimming feet, or^. stmipalwiati, when the web only i^eaches to 
the middle of the toes, Jlecui'virostra (k) ; split swimming feet, or^. 
jissipalvuiti, when the toes have an entire cutaneous border, Podieeps 
[l] ; lobed feet, or p. lohati, when the border is lobed on each joint, 
Fulica {m). "When the hind toe is also included in the web mem- 
> the feet are termed p. stega/ni, Halleits [F/ailaeroeorax] («). 
Finally, the hind toe may be reduced or completely absent in the 
y^atatores and GraUatores. 

The Brain of Birds (fig. 79) is much more highly developed than 
that of Septiles, and com.pletely fills the roomy cranial cavity. The 
hemisphere?! are, indeed, still without superficial convolutions, but 
already possess a rudimentary corpus callosum (Meckel), They cover 

; only the thalamencephalon, but also the two large, laterally 
displaced corpora bigemina. The dilFerentiation of the eerebellwm is 
still further advanced, since there is a median pai't corresponding to 
the so-called vermis of Mammalia, and small lateral appendages. 

Tn consequence of the cervical flexui'e of the embryo the medulla 
oblongata forms an angle with the spinal cord, the posterior column- 
of which diverge from one another in the posterior enlargement of 
thelumbarregionsoasto form asecond sinus rhomboidalis. Theciunial 
e all separate and their distribution is essentially the same 
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icliy- aliuiist to the t-nd of 1 



at in the M'ivimaha The ipinal 

the iieiii-al isanal of the vertebral rolama 

Sense Organs — The eves always attain a conbiderable sue and 1 
high ilevelopnient The eyehds ai-e always moiiible, especialiy the 4 
lower lid and tlie tmnsparent nictitating tnemJirane, which ih drawn 
over the eye hy u peculiar miiicular ippai-atun The eyeball {fig. 
654) of the Bird has an imnsnal form, m that the hmd pait < 
whioli the retina i& Mpi-ead le h. segment of a uiucn Jwiger sphere than 
is the small antenor part. The two parts are connet-ted by a median 1 
portion, which bus the shape of a short truncated cone, with the ] 
wmallest end directed foi-waids. This form of the eyeball is nioab j 
nmrked in the nocturnal birds of prey,,! 
Hnd \ea^t in the aquatic Bii-ds in which J 
the nxLs of the eye is shorter. There ia 1 
always ii bony sclerotic ring behind the 1 
edge of the cornea, The cornea, except 1 
in the swimming Birds, is atpongly 1 
iii-ched, while the anteiior surface of J 
tlie lens in the nocturnal Bii-ds alone I 
pos.=«sse^ 11 cousidenible conTexity, The ] 
pedteii {wftlitilig only in A])leryor) i.s i 
pecniiflT struotui-e of the a 
consists of a proce.'w of the choroid, which 
traverses the I'etina and passes obliquely 
through the vitreous humour to the lens. 
It corresponds to the falcifonn pi'oceas 
of the piscine and i-eptilian eye. The 
avian eye is characteriseil not only 1^ j 
the shaipneas of vision consequent on the large size and complicated \ 
structui* of the retina, but also by the highly-developed power otm 
HCiwmniodation, which is principally due to the muscle of the eo- 1 
called ciliary ligaimmi (Krampton's muscle), and also to the great,! 
mobility of the muscular ii-is (dilatation and conti'action of the pupil). ' 

The auditory organ (fig. 578 //.) is enclosed by spongy i 
bone. It pwifies.ses three large seniicirculai- canals and a dilated. 1 
cochlen (lagena). The vestibule, which on account of its s 
may also be regarded as the lower dilated part of the codilea, haal 
two openings: the /orameri ovale which is closed by the terminal. J 
piece (opercjf/Hw) of the columella and looks into the tympaniflB 
carity, and a second more loiinded opening, the foramen rotundwm,m 
ivhich is closed by membifine. In addition to the labyinnth there t 




ofp«7(aft 






245 



dlwitys a tyiiipiiiiic cavity wliicli coaiinuniciiteH witli tbe iiir-.-piice-s in 
the iieighbovii-ing' bonas of the skull, nail with the phaiyiix close 
behind the jiosteiior nares hy rnemi.s of the Eiistachiftn tubes. 
Towai-da the exterior the tyaupuiiie isivity is closed by a tympaiiic 
membmne, to which the long i-od-shapeil auditory ossicle (coluiueUa), 
corresponding to the wtiipes of Mfunmalia, i-i fa.stened. On the ontei- 
side of the tympajiic membrane there is ii short t^^ernal auditoiy 
meatus, the openiog of which is often suritjuaded by a ciitle of 
larger fea-thei-a, aiid iii the Owls is overlapped by li cutaneous valve 
which is likewise Wset with feathers, and constitutes a, rudimentary 

The olfactory organ has three pairn of turbinal bones in 
the spacious niLsal oivities, which iwe separated by an incomplete 
septum {jiares pernio:). The two nasal apertiii'os, except in Ajitei-j/x, 
lie more or less neiu' the root of the upper beak ; sometimes (C'i'owb) 
tliey are covered and pi-otected by stiff Lairs ; in the ProcdlarvUr. 
they ai-e elongated into a tabe and join one another. A so-called 
nasal gland nsnally hes on the frontal Imne, moi-e rarely beneath the 
nasal bone or at the inner corner of the eye ; it opens by a simple 
duct into the nasal cavity. 

The sense of taste is connected with the soft base of the tongue 
which is rich in papillie. The tongue is soft throughout its whole 
extent only in the Piu'wats. In most other cases it has a firmer cover- 
ing, and in many cases lends important aid in mastication. In 
general the tongne as well as the beak may be regai'ded as a tactile 
organ. In rare cases (Snipe, Dm:k) the beak is the seat of a finer 
tactile sensibility, owing to the possession of a soft skin rich in nei'ves 
and in the end-coi'pnscles of Vater. 

AlinLontaiy oaaal. — In spite of great differences in the mode of 
noiii'ishment the avian digestive organs present a fairly uniforai 
structnre ; their peculiarities have relation to the power of tlight. 
The jawB ai'e covered by a haiii horny sheath and transformed into 
the beak. Tme teeth are entirely absent, at least in livijig Birds 
as opposed to the fossil Odantot'nithes {^Inhthyomiii, HeapeniruM) ; 
dental papiUft were however discovei'ed by Etienne Geofliwy St. Hilaii* 
in the jawa of the embryo Parrot. While the upper beak is formed 
by the fused prfemaxillee, the maxillie and the nasal bones, the lower 
coiTesponda to the two rami of the lower jaw, the fused exti-emities 
of which are known as the iiii/xa. The lower edge reaching from 
the angle of the chin to tlie extremity is termed the goni/a, the 
■edge of the upper beiik is the cuhiien, the i-egion between the eye 
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iind the base of the beak which is covei'eit by the Cere (cfl 
lore. The form and development of the beak van 
ticcoi-diiig to the speciiii mode of subsistence (fig. 665). 
which is iilwavs loovnhle, lies on the 
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buccal cavity. It consiBts of the horny or fleshy covering of twfi>.l 
cartilages attached to the anterior end of the hyoid bone, and a 
for deglutition, and frequentlv for seizing food. The buccal cavity,.] 
which in the Pelicans is dilated into a large eenical sac supported J 
by the i-nmi of the lower jaw, receives the secretion of a nnmber of4 
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Ruliviiry gliinJs. There is no velnm pslati. The muaculai', loii^- 
tudinally folded oesophagus, the length of which in general depends 
on thiit of the neck, frequently possesses— especially in the birds of 
prey, but also in the larger granivorous birds {Pigeons, Fowls, 
Parrots) — a crop-like dilatation, in which the food is softened (fig. G56}, 
In tlie Pigeons the crop bears two 
smftU round accessory saca, the walla 
of which secrete in the breeding 
aeiisOEi a cheesy substance used in 
feeding the young. 

The lower end of the cesophagus 
is dilated into a glandular pro- 
ventricvlva, which is followed by 
the wide musuular stomach {ffixzard). 
WTuIe the proventriculus has, as a 
rule, an oval form and is smaller 
than the gizzai'd, the latter is pivj- 
rided with muscular walls, which are 
weaker (birds of prey) or stronger 
(gi-anivovous birds), according to the 
kind of food eaten. In the gitini- 
voi-ouM bii-ds the gizzard k excellently 
adapted for the mechanical prepara- 
tion of the softened food material 
by the possession of two solid plates, 
which form the horny intei'nal wall, 
and work against one another. The 
tii-st loop of the small intestuio 
(coweaponding to the duoder 
surionnds the elongated paiioreas, 
the ducts of which, as well as the 
usuaUy double bUe duets, open in Fia.eM.-Di«esti™cunaiof «bird o,. 

-' ' ^ cesDphagiiE : A, crop ; Dm, proveDlncu- 

this region. The beginning of the lua; sa, »riiiord ; d, Bmaii iniostioe; 
,hoH luge iBte»tmo i. marked by > L '""S "T'a.j'i ^~ 

cil-cular valve, and by the origin of l<"^^ Intaetinci f, nrateri Op, oyj- 

two cieca ; it pi-esents no distinction 

into colon and rectum, and passes into the cloaca, into which the 
urinogenital apparatus also opens. At its entrance into the cloaca 
it presents a sphincter-like cb-cular fold, A peculiar glandular^sac — 
the bursa fnftrjWi— opens into the dorsal wall of the cloaca. 
The large elongiited kidneys are placed in excavations of the 
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sacrum, and are divided by indentations into a number of lobes. 
The ureters run l^ehind the rectum and open into tha cloacii 
internally to the genital apertures. The urinary seci*etion is not 
Huid, as in the Mammalia,, but is a white semi-fluid mass, which 
soon hardens. 

The heart is completely divided into a right and left half, and lies 
in the median line, enclosed by the pericardium. As a peculiaiity 
of the heart may be mentioned, the special development of the right 
atrioventricular valve, which, unlike the tricuspid valve of the 
Mammalian heart, is a simple strong muscular fold. Since the 
diaphragm is rudimentary, the thoracic cavity is directly continuous 
with the abdominal. The pulsations of the heart, in correspondence 
with the more active respiration, are repeated more rapidly than in 
Mammalia. The right aortic arch persists. The veins open by two 
superior and one inferior vena cava into the right auiicle. The- 
renal-portal circulation still persists in Birds, though it is but 
slightly developed. 

The lymphatic system opens l)y two thoracic ducts (ditcttts tho- 
raclci) into the superior venve cav(^, but also very genei-ally com- 
municates with the veins of the pelvic region. Lymph hearts are 
only found at the side of the coccygeal bone in the Ostrich and 
Cassowary, and in some wading and swimming Birds. They ai-e, 
however, often replaced by vesicular non-contiuctile dilatations. 

Respiratory organs. — The glottis is placed behind the i-oot of the 
tongue, and leads into a long trachea, which is supported by bony 
rings. The trachea is not unfrequently longer than the neck, and 
in such cases, principally in the male sex, is thrown into a number 
of coils, which either lie beneath the skin (Capercally) or even 
penetrate into the hollow crest of the sternum (Whooper Swan). 

The lower IsxjJix or syrinx. — Except in the Ostrich, the Stork, 
and some Vultures, the vocal organ is developed at the point whei*e 
the trachea divides into the bronchi, so" that both divisions take part 
in its formation (fig. 657). The last tnicheal rings and the anterior 
bronchial rings have a modified form, and are often intimately con- 
nected with each other ; the end of the trachea and the beginning 
of the bronchi are compressed or dilated into a vesicular form 
and transformed into the so-called tympanum, which in the males 
of many Ducks and Divers is dilated into unsymmetrical secondaiy 
cavities (tympanic cavity and labyrinth), which serve as resonating 
apparatuses. The part of the trachea from w hich the bronchi pass off 
(i.e., tympanum) is traversed in a horizontal direction by a projecting 
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osaeoiin blind- — the pifaanliiji — -which foi'uin a vcrcicul se]ituin betweeu 
the anterior apertures of the two lirouchi. This septum, at its 
iinterior (ventral) and posterior (dorsal) ends, gives off on each side 
two arched pi'ocessea, which piss downwards — one iilong the doi'Sal, 
^nd the other idoug the ventral eilge of the bronchus of its side ; 
imd between these cornim the internal wail of each bronchus, which 
is here membranous, is stretehed, and con.stitutes the iiieinbratui 
lynipaniforinia irdnnta, tn the Singing Birds there is in Addition u 
semi- lunar fold {iiiei7ibranaeeiitiluyiaris)anthepeBsal}i», &n api-olonga^ 
tion of the membrana tyinpanifomii^ interna. Ta many cases a mem- 
braoous fold 




t the ejrternal side of the tynipanum, and fonns with the free edge 
of the inteiTial tyinpauiform niembitine (i.e., with the ineniiifiiua 

iinilunitris), a vocal slit or glottis on either side. The tension of 
these folds, which function as vocal cords, is regulated by a muscular 
apparatus, which connects the trachea with the lateral patts of the 
tympanum, or also with the anterior biwnchial rings, nnd is most 
highly developed in the singing birds, in which the syiins may 
possess live or six pairs of such miisclas. 

The bronchi are relatively short and lead, at their entrance 
into the lungs, into a number of wide membranoos bronchial 
tubes, which ti-averse the pulmonary tissue. The lungs are not, as 

1 Mammals, freely suspended inii closed thonwic cavity and invested 
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liy u ])leiLral sac, Liut ai-e attat-hed to the dorsal wall of tlie Ixidy f 
liy eeliiilar tissue, and sunk in the inteiiipaces hetweeii the ribe » 
the sides of the vei-tebnil column. The behaviour of the bi-oi 
tul>es and' the structure of the tiner respiratory air-spaces of the liu 
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tial differences frni 



f of the Mammalia. The Ii 
air-sacs are diverticula of t, 

lungs (tig. 658); they havn 
a fairly constant 
ment, extending forwat 
V>etween the claviclea (per 
traclmal av interdavi 
iiir-sae), and also into tht 
auterior and latei-al i 
of the thorax ((/torocw; aip^ 
sHcs), and backwai-dii amot 
the visceiu, into the pd-TioJ 
region of the abdom 
cai'ity (abdominal air'SacG^ 
The abdominal sacs lead ii 
the cavities of the femra 
:in(l pelvic bones, while i 
s-mnllei' anterior Kaca are pro 
Inngeii into the air-spaoes c 
the liones of the i 
into those of the skin, whicl 
lire sometimes, especially i 
the large swimming Bin 
which fly weU (iiula, Pdea 
hub), so numerous that thi 
skin emits a crackling m 
when touched {maintenanoS 
r, trBoUes ; P, of temperature, reduction c 
with lU divBF- Hpeeific gravitj-, i 
c, tbeir con- for respiration). With s 
BirsacB- idttiHiomuiBi :£'*, thoracic an-angements combined wit]^ 

the rudimentary form of U 
diaphragm ali'eady mentioned, and the peculiar structure of i 
thoi-ax, the mechanism of respiration must be quite unlike that { 
the Mammalia. The dilatation of the thoracic framework, which a 
encloses the abdoiuinal cavity, is the result of the extension of th| 
sternocostal hones and the consequent increase i 
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betneeu the sternum and the vertebral column. The respiratoi'y 
movements are therefore mainlj' effected by the stemocostal mus- 
cles and the elevators of tho ribs, which function as inspiratoiy 
muBcles. 

The ^nerative organs cicely resemble those of the Jleptilia. The 
males are difititiguished, not only by their superior strength, but 
also by the lirighter colour of their plwnijige and the greater variety 
of then- song. There are two oval testes on the anterior side of the 
kidneys ; they become m.ucli enlarged at the breeding season, and 
the left is usually the larger. The epididymis, whiuh is but little 
developed, leads into the vas deferens, which pa.s.ses back along the 
outside of the ureter. The ends of the vasa deferentia are frequently 
swollen so lis to form seminal vesicles, and open on two conicul 
papillsH placed on the hinder (dorsal) wall of the cloaca. 

A copulatory organ is, as a rule, wnnting ; in some of the larger 
water birds, however (Cioonia, Platalea, etc.) a rudimentary penis i« 
present as a wart-lite process on the front (ventral) wall of the 
cloaca. It is larger in most of the Struthionida, the Dueks, Geese, 
Swans, and in the Curassowsand Guans (Pendope, Urax, Ortix). In 
these Birds a curved tube, supported by two fibrous bodies, is 
attached to the ventral wall of the cloaca. The end of the tube can he 
retracted by an elastic band. A superficial groove serves to conduct 
the sperm during copulation. In the two-toed Ostrich, the penis 
attains a still higher structure, analagous to that of the male copula- 
toiy partb of the C'/ielonia and Crocodilia. Below the two fibrous 
Ixwlies, the broad baaes of which aiise from the front wall of the 
cloaca, there is a third cavernous body the extremity of which is nou- 
retraetile and passes into an erectile hnlb — the rudiment of a glaits 

In the female generative organs the ovary and oviduct of the right 
side are reduced or entirely aljsent. The generative organs of the 
left side, however, are correspondingly larger at the breeding season. 
The ovaiy is racemose ; the oriduct !•< much coiled, and is dirided 
into three i-egions; (1) The wide aMominal ostium in front; (2) 
the coiled glandular part which secrete';, from the glands of its longi- 
tudinally folded mucous membrane, the albumen which is added in 
layers and is twisted together at the ends to form the chalazts ; (3) 
a pos-terior short and wide poition— tbe so-called uterus — which 
serves to produce the variously coloured egg-shell, and opens by a 
short and nan-ow terminal region into the cloaca on the outer side 
of the corresponding ureter. When there are copulatory parts in 
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the mule, tkeiv a.ve ivlso clitoris 
tilt' I'entiLle. 

Development. — Uiitls are, witliout esceptiou, ovipurous (lu'iiUoo 
to powei' of dight). ITie L-gg Is i-eiaarkable for the large iiiriouDt 
of yolk (iliatingiUKlmble into white iiml yellow yolk), und its poi-ooa 
lalcweoiis shell (fig. fiSyj. The ilevelopment reqiiii-es a higli teiu- 
peiiiture, at leiLst equtil to tiiiit gf the blood. The necessiu^ lieat 
is usuiiUy supplied by the bii'il Jiu'ing iuL-ulmtioii. 

Fertilization tiikes pliwe in tiie upper region of the oviduct before 
the set^i-etion of the albumen nud of the ^ihell membrane, »nU in iil once 
followed liv the piirti;il ((iisi;oiil:il) sf guientation wliith only implicates 
i^j ___ thtdeuv put of the 

yolk (formative volk) 
(ii'ounJ the g 
veniele — the w 
tiwiil of the 
{dwUricula). 
Wheu the i 
f^LR iiiid, the segmenti 

tion is uh'eiuly com«3 
pleted, a,ni] the 
eii'iitriculiL hiiM de- 
veloped into the 
ijeriiiitud dine or 
","°; blaatoflenti. The em- 
eJiiue bryo, which later pro- 
"'"'' jecta from the yolk, 
developex, u:^ in Hep- 
tiles, the chai-acteriatic f<etiil membi'anes — the amnion and idluatoiit 
(flg. 63a), The ditmtion of the embiyonic development varies 
according to the aize of the egg and the I'elative development of the 
young when hatched. The Bird, when I'eady to creep out, brea^ 
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s of a sliarp tooth placed at the 
mtiiiUy t 



the blunt end of the shell by i 
extremity of the upper beiJt. 

Tlie young when hutched have essentiiiUy the organisation of the 
adult aiiimal, although they may atill be fai' inferior to it in the 
degree of their bodily development. White the GalUnaou and the 
Cursores, and most trralkctoreti and A'atatores have when hatched 
a complete eoveiing of down, and are so far advant^ed in 
development, that they at once follow the mother on land or into 
water and there seek their own food {pnecocei) ; others like the 
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Passeresj Scansores, Columhinw and Eajytores leave the e^g mem- 
brane.s very early (altrices) ; they are naked, or only covered with 
down in places, and incapable of free locomotion or of feeding them- 
selves, and remain for some time in the nest, in which they are fed 
and tended by their parents. 

The mental qualities of Birds are incomparably higher than those 
of Reptiles. The high development of the senses (sight) renders 
them capable of a sharp discernment, with which is combined a good 
memory. Under the guidance of its parents the Bird gradually 
learns to fly and sing ; it collects experiences, which it combines so as 
to arrive at judgments and conclusions ; it recognises the surround- 
ings of its nest, distinguishes between friends and foes, and selects 
the proper means both for the preservation of its existence and for 
the care of its brood. In some Birds the capacity for profiting by 
instruction and the faculty of imitation are extraordinarily developed 
(Starling, Parrot). The emotional side appears no less developed, as 
may be inferred not only from their general behaviour and the 
varying expression of their song, but especially from the behaviour 
of the two sexes at the breeding season. Their instinctive actions 
are directed to the preservation of the individual, and as in Insects, 
l)ut in a far higher degree, to the care of their offspring. 

In general the manifestations of intelligence as well as of instinct 
attain their maximum at the time of reproduction, which in the 
temperate and colder climates usually takes place in the spring (in 
the Crossbill exceptionally in the middle of \vdnter, winter plum- 
a</e, breeding plumage). The voice* is clearer and richer in the 
breeding season ; the male endeavours to excite the female by 
his song and the beauty of his plumage. In addition to the changes 
of plumage and song, the whole behaviom* of Birds is modified under 
the influence of sexual excitement (love-gestures, etc). 

With the exception of Fowls, Pheasants, etc.. Birds are mono- 
gamous ; they pair only for the breeding time, and collect together 
later, and migrate in larger flocks. There are, however, some instances 
of the migration of single pairs. 

Most Birds build nests, and seek for this purpose a suitable place 
in the district they inhabit. Only a few Birds (Goat-suckers, etc.) 
are content simply to lay their eggs on the ground, others (Skua, 
Terns, Ostrich) scoop out a pit or make a depression in moss and 
grass (Tetraonidce). The most skilfully constructed, however, are the 

* Cf. A. E. Brehm's - Illustrirtcs Thierleben/' Tom IV., V. and VJ. 
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nests of those Bii'ds which glue pai'ticles of exti'aneous matter together 
with theii' 6ticky saliva or which weave fine tressworks of moss, 
wool and grass-stalks (Weavei-s). As a rule it is the female alone 
which builds the nest, the male merely helping in collecting the 
materials. There are, however, instances in which the male takes a 
share in the construction (Swallows, Weavers) ; while in other cases 
{Gcdlinacei, Chafiinch) the nuile takes no share at all in building 
the nest. Many sea Birds, as the Auks and Penguins, lay but 
one eggf the large Birds of prey, Pigeons, Swifts, and Humming- 
birds, lay two eggs. The number of eggs is larger in the singing 
Birds and still greater in the swimming Birds of ponds and idvers, 
and in the Fowls and Ostiiches. The duration of the period of 
incubation is equally various ; it depends upon the size of the egg 
and the degree of development of the young when hatched. 

While the Humming-birds and golden-crested Wrens incubate for 
eleven to twelve days, and the singing Birds fifteen to eighteen days, 
Fowls require three weeks. Swans double that time, and Ostiiches 
seven to eight weeks. Incubation essentially consists in keeping the 
eggs at a warm, uniform temperatui'e ; this is effected by the body of 
the sitting bird, and is often facilitated by the presence of naked places 
on the body. As a rule, the mother alone sits, and the male occupies 
himself with bringing her food. Not unfrequently, however, as in the 
Pigeons, Peewits, and many swimming birds, the two parents relieve 
one another regularly ; the male in such cases certainly sits only for a 
shorter time during the day, while the female sits through the whole 
night. In the Ostrich the female only sits during the first period of 
incubation ; later the parts are changed, and the male undertakes 
the chief part of the incubation, especially sitting almost all night. 
The behaviour of numerous Cuckoos, and especially of our native 
species, is very remarkable ; they leave the building of nests and the 
care of their brood to other Birds, and lay their small eggs, singly 
and at intervals of about eight days, amongst the eggs of different 
singing Birds. 

The care and nurture of the young usually falls entirely or mostly 
on the hen bird. On the other hand, as a rule, both parents take 
an equal part in the protection of the brood. 

Leaving out of consideration the activities which relate to 
reproduction, the instinct of Birds manifests itself, principally in 
late summer and autumn, as an impulse to migrate, and still 
more mysteriously as a true guide on the journey. Few birds of the 
colder and temperate climates pass the winter in the places where 
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they breed [Resident birds; Eagles, Owls, Eiivens, Woodpeckers, 
Magpies, SpaiTOws, Titmice, Grouse, etc.) Many of them rove over 
larger and smaller regions in search of food ( Stmchvogel ; ' Thrushes, 
Bramblings, and Chaffinches, Woodpeckers, Yellow Bunting, Finches, 
and crested Lark). Others migi*ate before the beginning of the cold 
season of the year, when nourishment Ls deficient, from the northern 
climates to the temperate, from these to southern regions {Zuyv'Oyel ; 
Swallows, Stoi'ks, Jackdaws, Crows, Starlings, Wildgeese, Cranes, 
etc.) 

There are but scanty materials for the geological history of this 
class. Leaving out of consideration the feather-tailed Archceopteryx 
lithographica*' (fig. 119) of the Jui-a [Saururm), the oldest remains 
of the swimming and wading birds belong to the chalk. In the 
tertiary period the remains are indeed more frequent, but are never- 
theless insufficient for a more accurate definition. In the Diluvium, 
on the other hand, numerous types of species still living are found, as 
well as remarkable gigantic forms which have become extinct within 
the historical period {Palceornis, DiTwrniis, Pdlapteryx, Bidus), 



I. CARINATiE. 

The sternum has a keel {carina) for the insei*tion of the power- 
fully developed muscles of flight. The remiges of the wing and the 
rectrices of the tail are usually well developed. Almost all are able 
to fly. 

Order 1. — Natatores (Swimming Birds). 

Aquatic Birds with short legs often placed far hack ; feet either pedes 
palmatC or p, stegani. 

The form of the body of the swimming Birds varies exti-aordinarily, 
according to the special adaptation to theii* aquatic habitat. They all 
have a thick compact plumage, a very rich clothing of do^vn, and a 
lai'ge uropygial gland. The legs are short and are placed far back, 
and usually feathered as far as the ankle. They end with smmming 
feet, either pedes palmati, or Jissipalmati, or stegani. The Natatores 
are all excellent swimmers ; many are strong flyers, while others are 

* This group, which is allied to the reptilian genus Compsognatus (Ornitho- 
scelida) is especially characterised by the fact that the caudal part of the 
vertebral column is as long as the body, and was furnished with feathers, 
an-anged in pairs. Since the metatarsal bones are not fused, there is no true 
avian tarsometatarsus. 
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itrmed «itL cntting eiiges, nnd Kometimes flat anil biimd ; soma 
times elongated and pointed. Tlie form of the lieak is correlate 
ivitli tlif- moilp of siiUsiMtpnce ; in the first ease we hai-e to do v 
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cull also (iarry it about buriwl in tliu iloivii bi'luiitii iln- Icp;. E'ltii sexes 
IBrtici(>ate in incnlmtiiiu. Ajiit'Tuxhjti-i piitaguiiieii. Forn;.. Eing-Pengnin 
(fig. 6110): S/ihrnUen* demrrmi L., Black-footed Penguin, .South Afri«i and 
Amerii'a ; Eudyptn fhryii'riDHa I.., South Spa, Patagiinin, 
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Fam. AlcidsB (Auks). The wings are short and ill-adapted for flight. There 
are, however, small remiges. The swimming-feet with rudimentary or without 
hind toe. Their common breeding-places are on the coasts ( Vogelherge), where 
they lay their eggs singly in holes in the earth or in nests, and bring up 
their young. Aloa iinjiennis L., Great Auk; now extirpated. A. torda L., 
Razorbill; Mormon arcticus 111. {f rater aula Temm.), Puffin ; Urla troile Lath., 
Guillemot ; U. grylle Cuv., Black Guillemot, 

Fam. Colymbidae (Divers). The head has a pointed straight beak. The freely 
projecting metatarsus is strongly laterally compressed. The feet are palmate 
or fissipalmate. Podiceps cristatvJt L., Great crested Grebe ; P. minor Gm, ; 
Colymhvs glacialis L., Great Northern Diver. 

Fam. LamelliroBtres. Beak broad, deep at the base, covered with a soft, 
richly innervated skin, with transverse lamellae on its edges (dentated appear- 
ance), and ends with a nail-like extremity. The feet are palmate (^p. palmati), 
with rudimentary hind toe, which is sometimes naked, sometimes fringed with 
membmne. Phcenicopterus ayitiqnorttm L., Flamingo, North Africa ; CygniM 
nlor L., Mute Swan ; C. nmsietis Bechst., Whooper ; Anser cinereux Meyer, 
Gray Goose ; A, hyperhoreua L., Snow Goose ; A, seyetum L., Bean Goose ; 
Anas hoaehas L., Wild Duck, the ancestral species of the various races of 
domestic ducks; A. (^Tadornd) tadorna L., Sheldrake; Mergus meganser L., 
Goosander; M. serrator L., Redbreasted Merganser; M. alhelluH L., Smew. 

Fam. Steganopodes. Large swimming bii-ds, with small head, well develoi)ed, 
often long and ])ornted wings, with swimming feet (^p. »tegani). Pdcoanux 
onoorotaluit L., Pelican; Ilaliem carho, Cormorant; Tachy petes aqiiila L., 
Frigate Bii-d ; Sula hassana L., Gannet, North Europe ; Phaeton cetherius I^, 
Tropicbird. 

Fam. Laridse (Gulls). Lightly built Swallow- or Pigeon-like swimming- 
birds, with long pointed wings and often forked tail, relatively high, three-toed 
swimming-feet and fi'ee hind toe. They dive from the air (Stosstaucher). 
Sterna hirundo L., Tern; Larvs minutus Pall., Little Gull ; L. rldlhundus L., 
Blackheaded Gull ; L, canns L., Common Gull ; Lestris parasitica L., Skua, 
North Geiman Coasts ; IiIty?icJiop8 nigra L., Skimmer. 

Fam. ProcellariidaB (Sturmvogel). Gull-like birds, with rostrum compositum , 
Feet palmate, hind toe absent or reduced to a stump. They select rocky and 
precipitous coasts for their common breeding-places. The female lays one egg 
and takes turn with the male in incubation. The young are nurtured for a 
long time. Diomedea exulans L., Albatross, South Sea ; Procellaria glacialis 
L., Fulmar Petrel, from the Arctic Seas to North German ( 'oasts ; Thalassldroma 
pelagiea L., Stormy Petrel, Atlantic Ocean. 



Order 2. — Grallatores (Waders). 

Birds with long thin neck and long beak, loith elongated wa/Ung 
legs (p. va/lantes). 

The Grallatores are adapted for an aquatic life, since they have 
to seek their food in water, but their adaptations are of a different 
kind to those of the Natatores, They live more in swampy places, 
on the banks of rivers and seas, and wade through shallow water in 
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order to seek snails and worms, or frogs and fishes. They therefore 
possess, with some exceptions, long wading legs, with usually naked 
tibiae projecting freely from the body, and very long metatarsus often 
covered with scales. But few have running legs (p, curaorii) and 
are land birds (Bustards). Some (Bails) are similar in their mode 
of life, the shortness of their legs and the structure of their toes, 
to the swimming birds {^atatores), and swim and dive well, but fly 
badly. Corresponding with the considei-able length of the legs, thei-e 
is a long neck and usually also a long beak. The size and form of 
the beak varies exceedingly. When small worms. Insect larvae and 
Molluscs are sought in mud and loose earth, the beak is long^ 
but relatively weak and soft, and has a sensitive richly innervated 
extremity; in other cases the beak is very strong, angular, and 
adapted for the ctipture of fishes and fi-ogs, and even of small 
Mammals ; and finally in the transitional groups before mentioned 
it is shoi-t and strong, like that of a fowl, with a somewhat arched 
culmen, and adapted for an omnivorous diet. The feet also present 
great differences in the size and connection of tlie toes. The wings 
usually attain a medium size. The tail, on the other hand, is short. 
The plumage is more uniform and simple, and but i-arely presents 
beautiful and glittering colours. Most Grallatores are migratory 
birds of the temperate regions, and live in paii-s, in a monogamous 
state. They build rude nests on the ground, on the shore, or on 
trees and houses, more rarely on water. The young are sometimes 
altrices, and sometimes prcecoces. 

Fam. CharadriidaB, Plovei-s. With toleiably thick head, short ueck, and 
hard-edged beak of medium length. Cunsarhix europaniH=C. uahdUnvg M., 
North Africa and South Euroj^ ; OedicncmtDt crepitans Temm., Steppes in 
South Europe, Africa and West Asia, also on the great fallow lands in Gtermany. 
CJiaradriHS 2>luvi(ilU L., Golden -plover, inhabits the Tundra ; Vanellus cristaUt* 
M., Peewit, Germany and Holland. 

Fam. Scolopacidse. Snipe. Head of medium size, strongly arched with a 
long, thin, usually soft beak, covered with a richly innervated skin. Totanus 
hypolencti^ Temm., Sandpiper ; Recurvirostra acocctta L., Avocet ; THn^a 
cincrta Gm., Machetes pugnax Cuv., Ruff ; Scolapax muticola L., Woodcock ; 
Gallimnjo media Gray, Snii)e ; G. gallinula L., Jack Snipe; Nmtu'nvus arqnata 
L., Curlew. 

Fam. Herodii = ArdeidsB. Herons and Storks. Large GrallatoreH with 
{)Owerful body, long neck, and small, partly naked head : beak powerful, without 
cere, with sharp hard edges, sometimes curved at the point, rarely spoon- 
shaped. Legs long, and naked far above the intertarsal joint ; feet usually 
p. colligatl ; hind toe rests on the ground. Ihis rubra Vieill., the scarlet 
Ibis of Central America. /. religiom Cuv., the sacred Ibis ; Ihloifiellux 
vjiu'us Gray, Glossy Ibis ; Platalea huottvodia L., Spoonbill ; Balaeniiieps 
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rirj- GouM; Ardea oinerea I.,; .'I. jMrj/iima L., Smitli Europe; Clcmim 
al/ia L., Stork; MyeUria ti'iie'jalnii>ii : Leptoptitim arguhi Teoiin., (MnrnWu) : 
Anattimivf IsaiiUiac-nu Temni., Enat IndiL's ; Gnis cinerfa Beclist., Commori 

Fnm. BollidtB. Walev-hens, Kails. Intermediate lietweeD Ihe JVatatmr' 
null the GalliaaneL IlaUun aquatimi* L., Water Bail. Northern and Centrnl 
Eurupe tp Central Asia: Ore,e pratentU L,, Corncrake; C>: ponaiia- X... 
Earope, Spotted crake ; Parra jai'am L., America ; Gulinnla ehlori'p»t L.'. 
Moorhen ; Falica iitm L., Ccmt. On the rceily lakes antl ponijs rif 

Fiin. Aleetoridae, Transidi.uBl iK'tmeii tli.> Gi-allafv/.' iiud GalJi/iafri 




Tliey TMemble the foniitr in tin, length ut their kgB and the laittr in 
their mode i f life and in the fonn of their beak Otvi tarda L Buatiril 
liivti as a migratory bird (StriuhfugLl) in the plains of South eaat Earvipi 
with one or two feranles to each mnlc O tctrax L more in the Sooth 
Diehaiophuii ^natatvii 111 Cariama [Scrienia], in BtjikiI, lirea on Lizards and 
Snakes like the Secrutajy-hird of South ACncs. P»ephw oiipiiantlj Truni 
peter. South America ; PalamedF.a riirnuUl L., willi spurs on the inngs. 
Cluivna cbaraTia 111., Screamers (fif(. fiHl). With spuni on the wings. Is 
domesticated. Receives in German the name of Shepherd's bird from its use 
as keeper and defender of flocks of heu8 and gci'Se iu Sontli Anicnea, 
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Order 3. — Gallinacei=Easores. 

Ten^estrial birds of medium mid sometimes considerable size, of 
stout build, with short, rounded winys, strong beak, usually arched and 
bent downwards at the point, and xoith powei'ful feet adapted for 
perching {p. insidentes), usually proecoces. 

The Gallinacei possess in general a stout body with thick phimage, 
small head and powerful beak, short or moderately long neck, usually 
short and rounded wings, legs of medium length and well-developed 
tail, composed of numerous rect rices. There are often naked places 
on the head, as well as erectile combs and cutaneous folds (wattles), 
the latter principally as distinctions of the male sex. The beak is 
usually short, broad and high, and is characterized both by the over- 
lapping cutting edges and by the depressed extremity of the upper 
beak. Its base is soft and membranous, and covered with feathers, 
among which a membranous or cartilaginous scale projects over the 
nasal apertures. The plumage of the Gallinacei is close and stiff, 
and often beautifully marked and ornamented with rich colours and 
a metallic lustre (male). The tail quills are usually more than 
twelve in number, and there may be as many as eighteen or twenty. 
The wings are as a rule short and rounded, with ten primary remiges 
and twelve to eighteen secondary. The flight, therefore, is clumsy : 
only the Pteroclidm fly quickly and with skilful turnings. The legs 
are powerful and short, or of medium length ; they are usually 
feathered as far as the foot- joint, rarely up to the toes. There is 
often a sharp spur, which serves as a weapon, on the metatarsus of 
the male above the hind toe, which is articulated high up. The 
Gallinacei live for the most pai*t on the ground, either in forests or 
in fields, on grassy plains from high mountains down to the sea coast. 
They are good runners, and seek theii' food on the ground, feeding 
specially on berries, buds and seeds, also on insects and worms. They 
form their rude nests for the most part on the surface of the ground, 
or in low bushes ; more rarely on high trees, and lay a great num- 
ber of eggs. As a rule the cock lives with a number of hens, and 
takes no part either in the building of the nest or in the care of the 
brood. The young are for the most part ^^rcecoce*. The hens are 
easily domesticated, and on account of their eggs and their well- 
flavoured flesh, have been made useful as domestic animals from the 
earliest times. 

Fam. PenelopidaB. Large, loi)g-lc<j:ged Gallinacei^ ^\\t\i well-developed remiges 
and long, rounded tail, resembling the three-toed Ostrich in the stmcture of the 
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protrusible penis. Crax alcctnr L., Curassow, South America ; Urax pausfi L., 
U. galeata Cuv., Mexico ; Penelope crhttata Gm., Guan, Bi-azil ; Meleagris 
mexicanu, Gould., ancestral form of M. gallopavo, the Turkey. 

Here arc allied the Crypturidse (Tinamidse), Tinamous, and Opisthocomidse, 
Hoazin. 

Fam. Megapodiidse (Mound-birds). Long-legged GalUnaceiy of medium size, 
with short, broad tail and large, strongly-clawed, ambulatoiy foot (pes ambula- 
torius), the hind toe of which is articulated at the same level as the fi'ont toes. 
Merjaceplialon maleo Temm., Celebes: Megajfodins tumulvSf North East of 
Australia. 

P'am. Pliasianidse (True fowls). The head is partially bare of feathers, 
especially in the cheek region ; it is often adorned with coloured combs, cutane- 
ous lobes or tufts of feathers, and has a strongly-arched beak of medium length, 
with the point curved downwards. The tw^o sexes are strikingly different, the 
male being larger and more richly adorned. They are inhabitants of the Old 
World. (Tallushanliiva Temm., Island of Sunda ; Lopho'pliorvs refulge^ia Temm., 
Himalayas ; PJiasianus colchirvs L., Common Pheasant ; Ph. pictvs L., Golden 
Pheasant; Ph. QGalloj)ha8u) ngcfhemervit L., Silver Pheasant, China; Pavo 
cristatvs L., Peacock; Argvs gigmiteus Temm., Argus Pheasant, Malacca, 
Borneo ; Kumida vteleagris L., Guinea Fowl, North Africa. 

Fam. Tetraonidae. The body is stout, the neck short, the head small and 
feathered, with at most.one naked stripe above the eyes. The legs are short, 
and are usually feathered down to the toes. Tetrao uriujalhift L., Capercally ; 
T. tetrix L., Black Grouse. The hybrid between these two species is called 
T. mediuSf by Meyer. 2\ honasia L., Hazel Grouse ; Lagopua albxm Vieill., 
Willow Grouse, Scandinavia ; L, alpinus Nilss. ; Perdrix cmerea, Briss., Par- 
tridge ; P. saxat'dis M.W. ; P. ruhvfi Temm., Red-legged Partridge ; Cotumix 
dactglisonana Meyer. Quail. 

Fam. Pteroclidse (Sand-grouse). Small Gallinacei, with small head, short 
beak, short, weak legs, long-pointed wings and wedge-shaped tail. Feet with 
short toes ; hind toe when present rudimentary and attached high up ; it may 
be absent. Pt erodes alchata Gray, in Asia Minor and Africa ; Sgrrhaptes 
paradoxnfi Pall., in the steppes of Tartary, and lately in North German}-. 



Order 4. — CoLUMBiNiE (Pigeons). 

Birds with iceak soft beak, swollen round the nasal apertures, with 
pointed wings of medium size, and short cloven feet (j^ed^s fssi). The 
young are altrices. 

The Columhince are most nearly allied to the Pteroclidce, They 
are of medium size, with small head, short neck and short legs. The 
beak is longer than in the Gallinacei, but weaker, and gently arched 
at the horny, somewhat turned- up extremity. At the base of the 
beak the scaly cover of the nasal openings is swollen, naked, and 
membranous. The rather long, pointed wings enable the bird to 
fly quickly and skilfully. The tail is weak and rounded, and contains 
usually twelve, rarely fourteen, or sixteen rectrices. 



The stifi', beiiulifuliy wlomwl pUnicige lies ,>mootLly on tlie bod^gJ 
iind pi-eaentB bjirtUy any dift'erenc-e in tlie two sexes. The shoi-t leg 
m* unfitted for injii'l and coiiBtant loTOmcition. The feet are clovdi 
ip.JisBt) or ambulatory {p. aiiihulutorii), smd the well -developed l 
toe rests on the ground. The Cobtinbhite have ix paij'ed crop, whic| 
lit the breeding season in both .sexes ^ecretea a creamy Huid for t 
nourishment of the young. They are distributed over all 
the world. They live in pairs or in flocks in t'oi-eets, and feed oloioa 
exclusively on gniin und weedt;. The specieti which live in the a 
ure migratory (Ziigvogei) ; othei-s make short migiwlion (StriobvogeQiS 
while othei's are resident birds. They live iu a state of monogamy;* 
iUid lay two, nirely tbi-ee. e^'gs in n Tiidely-f^ustructed nest. Both | 




sexes take paxl; in hatching iind bringing up the young. The youi 
leave the egg almost entirely naked, with closed eyelids, and, t 
altnces, require the ciii-e of the mother for a consideiable time. 

Fam. Colnmbidn. The licak, witli smooth edges, never dent-ated. Cnlnt 
livia L.. Rijcli- Dove (fig, 662). Hlate-I>lne, with v/hita wing-covertB i 
two Vilack bands on tbe winga and tail. It is the ancestral torm of ti 
oumemus races of domeatio pigeon. It ucflts on rocka and raiiiB, and i; 
tributed from tjje ooaats of the Mediterraneau over a great part of Europe k 
Asia, C. (Pitliiiiibanae) a/mt L., Stock-Dove ; PaJumbv titrquatut, 1 
KiDg-dove ; Satopintei mii/ratorliui L„ Paaaenger Pigeon, North Amer 
TartHT auritiis Bp,, TorUe-Uove ; T. rii'-rim SwB. ; Gim-a reronata. Flam 
New Guinea 

Fam. Didnncnlidn. Beak compressed, lower jaw dentated, with hooked 
tstrcmity. DiilaHealmi strii/iriiiitrU Gouhl, Samoa Islanili;. 



, The extinct Dodos (Ineptee) were allied to this kat fiimily, and 
Lave been placed among the pigeon-like birds. They were living iii 
Yasco di Gama's lime ou small islantla on the BJofit Coast of Afriiia 
(the Mascarenes), and were still plentiful ; they became extinct two 
hundred years ago. As far as we can judge of the appearance of this 
bird fi-om the preserved i-emains (in [London] Ostford and Copenhagen) 
of akuUs, beaka, and legs, and from the old deHcriptions, and especially 
from an old oil painting preserved in the British Museum, the Dodo, 
Didua ineptus L., wan an unwieldy bird, larger than the Swan, with 
lax plumage, powerful, four-toed, scraping feet, and strong, deeply- 
cleft beak. 

Oi-der 5. — Scansobes. 

Birds with powerful beak, stiff plumage having but UUle down, and 
eoansorial feet. Th« young are altriees. 

Within the artificial limits of this order Ls included a number ol 
groups of veiy different birds whith essentially agree only in the 
structure of the feet, which are atiapted principally for climbing 
they pi'esent, however, considerable diflerencea in the manner of 
locomotion, and find their nearest allies in several families of Pasaeres. 
The beak is always powerful ; it is sometimes long, straight, and 
angular, adapted for hammering and chiseling on ti'ees ( Wocwlpecker) 
sometimes short and curveil like a hook (Parrot), oi' of colossal sizi 
and with dentated edges (Toucan). The legs end with long-toed, 
scansoiial feet, the outer toe of which can in some cases be directed 
forward. The metatarsus is seldom feathered, more frequently 
with semii-ings and scutes in front and small scales behind. The 
wings contain very generally ten primaries. The tail ia sometimes 
used as a support in climbing. Most of the Scansores inhabit forests, 
nest in hollow trees, and feed on insects, some of them, however, on 
.snia.ll birds, and others on fruit and vegetable mattei-s. 

Fam. Bamphutids [Toucans), Baven-like birda, with, colossal, mai^nallj 
serrated boak, and lionij, hrush-like tongue. Ramphaufwf tocii L. ; Pterm/lo'eui 
Araeari III. 

Fam. TrogonidsB. Beak ehort and strong, with nauaUy serrated edges and 
wide, alit-like moutb, with briatles at the comer of the mouth. The plumage of 
the mate has a metallic lustre. 'l¥ogmi evrttciii L., Brtuil ; Calitrvi reaplendem 
Qould, the Quaeal. in Central America. Here are allied the Jncaiuar (^Oalbnla') 
and Puff-bird ^JiHeeo). 

Fam. CncnlidEB (CucliODa). With genOj-carved. deeply-cleft heak, long 
pointed \ving9, and wedge- shaped, painted toil. The feet are scaoaorial, and 
tbe outer toe lan be directed forward, Ouculue eaHoruii L., European Cuckoo, 
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sparrowhawk-like, with barred plumage ; Coccystes glandartus L., Great Spotted 
Cuckoo of South Enrope. 

Here are allied the MnBophagidse (Plaintain-eaters). Coi'ythaix persa L., 
Guinea ; Musophaga violacea Isert, Plaintain-eater, West Africa. In Coliu^ 
the outer and inner toes can be turned backwards or forwards. 

P'am. PicicUe (Woodpeckers). Powerfully-built Scansores, with strong, 
chisel-shaped beak, pointed in front, without cere. Metatarsus with trans- 
verse scales ; feet with strong claws ; with firm tail. The tongue is long, flat 
and homy, and bears at its end arrow-like, short, recurved hooks ; it can be 
rapidly protruded to a considerable distance in consequence of a peculiar 
mechanism of the hyoid bone. The cornua of the hyoid are bent into wide 
arches, and extend over the skull to the base of the beak. Pi(yiis nmrthis L., 
Black Woodpecker, Europe and Asia ; P. majoi' L. ; P. medins L. ; P. (^Picultis) 
vihwr L., Ijcsser Spotted Woodpecker, Europe ; P. tridactijluH Ij. ; P, viridis L., 
Green Woodpecker ; P. canns Gm., Greyheaded Green Woodpecker ; lynx 
tm'qnilla L., Wryneck. 

Fam. PsittacicUe (Parrots). Scansores of the warmer climates, with stout, 
strongly-bent beak, fleshy tongue, and powerful legs with short metatarsus. 
The feet, with toes arranged in pairs, are used like a hand to seize the food. The 
upper beak, which is dentated and covered at its base by a cere, is articulated 
with the frontal, and its long hooked extremity overlaps the short and broad 
lower beak. Most of the Parrots belong to America, many also to the Moluccas 
and Australia. A few are found in Polynesia, New Zealand, and Africa. 

PlictolophifUB. Cockatoos. Head usually with movable crest. PlUtolophu^ 
lencocepJialus Less. : Nymphicm Novce Holland ice Gray ; Calypforhynekivt 
galeatus Lath., Van Diemeus Land. 

Platycercinrp. PaiTakeets. With moderately pointed, rarely rounded winf, , 
ami long, graduated, wedge-shaped tail. Sittace militaris L., Maccaw, Mexico ; 
Palceornis Alexandri L., Ceylon ; Melopsittacus mululatva Shaw (Wellenpa- 
pagei), Australia ; Pezopojnts formosm Lath., Ground- Parrakeet, Australia ; 
PlatycercKs Pennantii I^ath., Australia. 

Psittacince. Tail truncated, or rounded. Paittacns erithacm L., Grey Parrot, 
West Africa ; Pfnttacnla passerina L., Love-bird, Brazil. 

TricJioglossince. Lories. The tip of the tongue is pencil-shaped, with feathery, 
homy papillae. Tnchogloss^ta pnpurnsis L., New Guinea ; Neat or meridionali* 
L., New Zealand. 

Strigipince. Kakapos. Of owl-like appearance, with incomplete feather-disc. 
Stingops hahroptilus Gray, New Zealand. 



Order 6. — Passeres (Insessores). Passerine Birds. 

Birds with Iwmy heak, without cere. Metatarsus covered with 
lamince, or scales. The feet are pedes amhulatorii, p, gressorii, or 
p, adlw/niantes. The youny are altrices. A vocal apparatus with 
muscles is frequently present. 

The birds included in this large order are of small size, and present 
great differences in the form of theii- beak; they fly exceedingly 
welL When on the ground they hop, or more rarely walk, and 
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they remain by preference on trees and in bushes. They are usually 
divided according to their vocal apparatus into two orders — the sing- 
ing birds or Oscines, and the shrieking birds or Glamatores; a 
division which seems the more ai*tificial because the same types of 
form of beak and of the whole structure of the body are repeated in 
the two groups. An arrangement based on the form of the beak 
might lead to less artificial groups. By far the greater number of 
Passeres live in monogamy, often united in large flocks. Many of 
them build skilfully-constructed nests, and are migi*atory. 

Tribe 1. Levirostres^. Clamatores, with large, but light beak, short, 
weak legs, and gressorial or fissate feet, which are adapted for cling- 
ing to branches. 

Fam. Buceridse (Hornbills). Raven-like birds, of considerable size, with 
colossal, but always light, dentated, and downwardly-curved beak and horn-like 
head-dress at the base of the upper beak. Bucomis ahyssinicus Gm. ; BiweroR 
rhinoceros L., Sumatra. 

Fam. Halcyonidse (Kingfishers). Pu.s.^rri'ii, with large head and long, keeled, 
angular beak, relatively short wings and short tail. Metatarsus short ; feet 
gressorial. Alcedo ispida L., Europe ; Cernle rtidia L., lUack and white King- 
fisher, Africa ; Dacelo gig as Glog., Australia. 

Fam. Meropidse. Bee-eaters. The beak is compressed and gently curved 
downwards. The plumage is variegated ; the legs are weak. The wings are 
pointed, with long coverts. Mevops apiastcv L., South Europe. 

Fam. Coracidse. Boilers. Large, beautifully coloured birds, with deeply-cleft 
beak with sharp edges and recurved extremity. The wings arc long and the 
feet cloven (^p.fsisi). Coraciax gariidn L., Roller. 

Tribe 2. Tenuirostres. Ckimatores and Oschies with long, thin 
beak and ambulatory or cloven feet {^p, amhulatorii or Jissi), with 

long hind toe. 

Fam. TTpupidae. Hoopoes. Beautifully colouretl Clamatores with long, 
laterally compressed beak ; short, triangular tongue and long, strongly rounded 
wings. Upiipa epops L., Hoopoe. 

Fam. Trocliilidae. Humming birds. The smallest of all Ijirds. Variegated 
plumage with metallic lustre. Slender feet (7;. amhulatorii or Ji^s'si). The 
long, awl-shaped beak has, in consequence of the projecting edges of the upper 
beak, the form of a tube, from which the long tongue, which is cleft up to the 
root, can be rapidly projected. Rhamphodoji 7im'ivs Less., Brazil ; Phaethorni-s 
superciliosm Sws., Brazil ; Trochili(.<< cohihria L. : Lopliortiia magnijica Pp., 
Brazil. 

Fam. Melipliagidse. Honey suckers. Small, beautifully coloui«)d bii-ds, of 
stout build, with muscular vocal apparatus, with long gently-curved beak, long 
metatarsus, wings of medium length and long tail. Mcliphaga auricomia Sws., 
Australia ; KectaHnia famosa 111.; N. (Oi/mgrts) splendida' Cuv., South Africa. 

Fam. Certhiidae. Tree-creepers. Oifcinca ^^'ith long, slightly-curved beak, 
l)ointed, horny tongue, metatarsus covered with scales, and long hind toe with 
a sharp claw. Certhia famUlarls- L., Common creeper : Tichodrovia tmiraria 
111.. Wall creeper. 
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Tribe 3. Fissirostres. With short neck, flattened head, and 
deeply -cleft beak, with long, pointed wings and weak feet (p. amhu- 
latorii or adhamaiites). They all fly with rapidity and dexterity. 
They catch their food, especially flies, NeiLVoptera and butterflies, 
during flight with open beak. They live for the most part in 
warmer climates. 

Fam. Hirundinidae. Swallows. Small, delicately-formed Oscines with broad, 
triangular beak, compressed at the point, nine primary rectrices and long, forked 
tail. They are distributed over all parts of the earth, and construct their nests 
with skill. The P]uropean species pass the winter in Central Africa. Hirundo 
L. Beak short and triangular ; metatarsus naked. The first and second remiges 
of equal length. H. rnxtica L., Swallow. //. (^CJwlidoii Boie. with feathered 
metatarsus) urhiva L., Martin. //. (^Cof'de Boie. The nasal apertures free, the 
tail slightly excavated and moderately long) riparia L., Sand Martin. Nests 
in holes in the earth, which it digs for itself in banks. II, rupestris Scop., 
Crag Swallow, South of France. 

Fam. Cypselidse. Swifts. Swallow -like Clamatores, with narrow -wings 
curved in the form of a sabre ; short ffathered metatarsus and strongly clawed 
feet {pedes adliairuintes) ; sometimes with inwardly directed hind toe 
CollocaUa cuculcnta L., (Salangaue), East Indies; Cypaelusi apus Ij., \iyiiiX, \ 
C. nu'lha L., (jilpinnx), Alpine Swift. 

Fam. Caprimnlgidse. Goatsuckers. Clamatcres, with short, uncommonly flat, 
triangular beak. Their size -'.aiics from that of a lark to that of a raven. 
Plumage soft, owl-like, and of the colour of the bark of trees. The legs are 
very weak and short. Hind toes half turned inwards, but can also be turned 
forwards. The middle toe is lonir, and sometimes has a serrated claw. They 
live for the most part in forests, and fired especially on moths, which they catch 
in their oi)en mouth, during their swift, silent flight. As a rule they lay two 
eggs on the bare ground, without even scraping a hole for their reception. 
Caprimulgvs L., the buccal slit extends to close below the eyes. Edge of beak 
not dentated, is fringed with stiff bristles. C. cvropceus L. ; C. rujicollis Temm., 
Spain. 

Tiibe 4. Dentirostres. Pi'incipally Oscines with variously-shaped, 
often thin and pointed, sometimes slightly curved beak ; upper beak 
is more or less notched at the point. In the wings, which are of 
medium length, the first of the ten primary remiges is reduced, and 
may be entirely absent. 

Fam. Corvidae. Beak strong and thick, somewhat curved anteriorly and 
slightly notched. Corvus corax L., Raven ; C. coDiix L., Hooded Crow ; C, 
coTone L., Camon Crow ; (\ frxui'deifus L., Rook ; C, moiiedula L., Jackdaw ; 
Pica caudata Ray, Magpie ; Gavrulus (jlandaHua L., Jay ; Oriolug galbvla L., 
Golden Oriole. 

Fam. Paradiseidae. Birds of Paradise. With slightly curved, compressed 
beak. Feet veiy strong and toes large. The two middle rectrices are often 
elongated and filiform, with small vane only at the extremity. Male with 
tufts of lax feathers at the sides of the body, and also on the neck and bi^^ast. 
Parad'tJiea apoda L. ; Cmcinnunia rerjiuH L., New Guinea, (fig. 663.) 
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Fam. BtnmidtB. Starlings. Oseinet with straiglit or fllightlj curved, stTuiig 
lieak, the point of which is rarely only slightly notched, without rictal vibrisat. 
Stvmnt imlgiirU L., Starling : Paatar i-OKtua Temln., Kose-colonrcil Starling ; 
Buphana afi-waait L, Oipeefeer, 

Here ate allied Fij/ra aureola I.., Cayenne; Riipiei^ crocua Bp,, Cock of the 
Rock, tiiuth America, and the Gatin^idB. 

Fain. Lonildn. Shrikes. Large, powerful Oioinei with hooked, stniogly 
serrated beak, strong riclnl yibrissie, and tolerably loug, sharply olawed feet; 
Laiiitti Ciccvbit.nr L„ Grey Shrike ; L. minor L., Lesser Qrey Shrike; L. ri'/m 
Bi-iBS., Wooilehat Shrike ; i. collnyiv 1... Red-backed Shrike. 

Faui. MnsciuapidE. Flycatchevf. Beak shori. liroad iind Jeiireascil at tlic 




baae, eomewhat compreaaed anteriorly, with hooked curved point, Mum-icapa 
gritola L, ; M. atrieapilla L, ; J/, eidlarii Becbst., (alhieollt/i) : Bomhgoilla 
garrvla L., Waswing, 

Fam. Farldra. Titmica. Small, bcnatitully ooloured. and very agile Oteinea, 
of stout build, with sharp, short, almost conical beak. Piiru* majiT L., Great 
Titmouse : P. eti-r L., Coal Titmouse ; P. ererulnKii L., Blue Titmouse ; P. crU- 
/fl(!i» L., Crested Titmouse; P.jmlviti-U L., Marsh Titmouse; P. i-avilatv* L.. 
l-jng-tjviled Titmouse; Aegifhaliia pendulinut L,, Peiiduline Titmouse; Sittit 
r«.ro}iaa L., Nuthatch. 

Fam. HoUuillida, Wagtails. Slender body ; beak tolerably long, and 
notched at the point. Aathiit pratrnait Sechst,, Meadow Pipit ; MotaciUa 
alba L.;M. fiaea'L.; Jf. tufji/mra BechaU; Aonentof aljiimii Bee hat., Alpine 
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ITam. Sylviidae. Small Osrinex, with thin and pointed beak and metatarsus 
covered with scales in front. Sylria iiUoria Bechst., Barred Warbler ; 8. 
atricapllla Lath., Blackcap ; Phyllopnexistc hypolaU Bechst. ; Troglodytes 
parvnlns Koch, Wren ; Rsgvhin crtstatug Koch ; M. ignirapilluJt Naum., Fire- 
crested Wren. 

Fam. Turdidse. Thrushes. The beak is tolerably long, somewhat compressed, 
and slightly notched before the point, and furnished with vibrissje at its base. 
The metatarsus is long, and covered with an anterior and two lateral scales, 
laminiplantar. Olnclua aqvaficus Beckst., Dipper ; Lnsrinia jfhilomela Bechst., 
Thrush Nightingale, large nightingale in East Europe ; L. luxcinia L., Night- 
ingale ; L. siteoica L., Blue-throat ; L. ruhlcula L., Robin ; Turdm pUaris L., 
Fieldfare ; T. mn^tcus L.,.Thrush ; T. lUacnx L., Redwing ; T. torquatns L., Ring- 
ouzel ; y. menda L., Blackbird ; T. saxatilU L., Rock Thrush ; T. mtgratorvus 
L., American Robin ; T. cyanvs L., Blue Thrush. The Lyre-bird {Mennra 
swperha, Dav.) — ^a large bird found in New Holland — is allied to the Thrushes 
in the form of its beak. 

Tribe 5. Gonirostres. Osdnes of small size, with thick head and 
powerful, conical beak, witli short neck, wings of medium length and 
ambulatory feet {p. amhulatorii). The metatarsus is short, and is 
covei'ed with scales in front. They feed on com and seeds, berries 
and fruits, but do not despise insects. 

Fam. Alaudidse. Larks. The plumage is earth-coloured ; the beak is of 
medium length, the wings broad and long, and the tail short. Alavda arvensis 
L., Skylark; A. arhorea L.. Woodlark ; A. criJttata L., Crested Lark; A. 
alfeatrh L.. Shore Ijark ; A. calnndra, Calandra Lark, South Europe. 

Fam. Fringillidse. Finches. With short, thick, conical beak, without notch, 
but with a basal swelling. Emheriza citrlnella L., Yellow Bunting ; E, da L., 
Meadow Bunting ; K nivalis L., Snow Bunting ; Fi'ingilla coelchs L., Chaffinch ; 
F. spinvs L., Siskin ; E eardvelis L., Goldfinch ; Passer domesticns L., House- 
sparrow ; P. mimtanns L., Tree-spaiTow ; Corcothravstes 'milgai'is PalL, Haw- 
finch ; PgrrJtiila rnlgai'is Briss., Bullfinch ; P. canarin L., Canary ; Loxia 
rvrvirostra Gm., Crossbill. 

Fam. Ploceidae. Weaver-birds. Build purse-shaped nests. Live in Africa, 
Ea<5t India, and Australia. Ploccvs textor Gray ; PI. .sooitts Gray. 

Order 7. — Raptatores (Birds of Prey). 

Powerfully -built birds, tvith curved beak, hooked at the extremity, 
and strongly clawed feet {p. insidentes). They feed j^^'iic^pct'lly on 
warm-blooded animals. 

The Raptatores are characterised by their powerful build, by the 
high development of their sense organs, and by the special develop- 
ment of their beak and of the armature of the feet, by which they 
are fitted for their peculiar mode of existence. The compressed root 
of the beak is covered by a soft cere, which surrounds the nasal 
apertures. The cutting edges, and the hooked and downwardly- 



curved point of tLe upper benk iire always hiu-J :iinl horny. The 
strong toes, of which the outer can he turned backwnrds or forwajvie, 
are always armed with powerful daws, which are admirably adapted 
for the seizure of prey. The feet are p. intideiUef, and are feathei-ed 
to the intertarsal joint, rarely to the toes. Before the digestion the 
food is softened in the crop, from which the feathers and hairs rolled 
together in balla are ejected as the " caatinga." As a I'ule the female 
alone incubates, but the male aaaists in procuring food for the help- 
less young. Some genera of Owls and Falcons are cownopolitan. 

Fain. Btrigids. Owls. Witli large, anteriorly directed pyo^f, wliicli are sur- 
rounded by a cirde of atiff ftathers, SDmLtimes in » Teil-like manner ; witli 
atrong, hooked beak, beut downwards from the base. The ear has uaually a 
membranouB operculum and pxtenial cntaneoiiB fold, on which the Eealliein may 
be grouped, ao as to gire tie appearance of a coaolui. Strij^ ^rltimmeii L., Bam 
Owl (Jig. Mi) ; Sgritiiim alueo L., Tawny Owl ; Otnn rvJgarix h.. Loug-e.ircd 
Owl; (7. *ttJp*yoilB/ Qm., Short-eared Owl; Bulio amruian -^Ah Lagle Owl : 
EpUialtes seop» L., Suoiia Owl, South Europe ; _ 

Aij'rtinijiiMjiai'JnaBlaa., Sparrow Owl ; yi/etea 
«)ivii Daud.. Snowy Owi 

Fam, TultnridB. Vnltures. IiaptaCi>re» 
of large aie, with long, straight beak, only 
bent downwards at the tip. Narea often 
pervioaa ( CathartiruB). Head and nect 
often in great part naked. The head some- 
times bears lobed appendages ; the neck ia 
often surrounded liy a collar of down and 
feathers. Sarenrliamjthua grgphui Gcoffr,, 
Condor; S.papa Haa., King-Vniturc. South 
America ; Catharlf aura HI.; C. atratv 
Baird, Tuiiey Buzzard, South America; XeophFoit, pemmjpttrv* Sav., KgypBaii 
Vulture; VultHr ciueivim Gm., South Europe; Gypf fulmi' Briss.; Gypaetus 
barbatiu Cuv., Lammergeier, Sonth Europe. 

Fam. AeoIpltiidB^Falaoiitdn. With aborter and usuaUy dentatcd beak, 
feathered head (rarely witb naked cheeks) and neck. Metatarsas of medium 
length, and somelimes featbei-ed. 

JauiittiJftr^jiaeYo'L., Golden Eagle, South Germany; B. impiii'iaiwKais. Bias., 
Imperial Eagle, Boutb Europe ; A.fulna M.W., Golden Eagle, Tyrol ; A. itaiicia 
BriHs., Spotted Eagte ; llaliaetaa albiciUa Bri«s. (ostifragvt L.). Sea Eagle, 
Europe, North Afiica ; Paadiait AaliaStai, Our., Osprey, Northern heiniaphere. 

Mileus regalit Briss., Bed Kite, f^cizes its prey from other birds, and 
only takea small animals~as hamater-rata, mules, and mice; -V. u/er Daiid., 
HlackKite. 

Bateo vulgarii L., Buxsard r B. htgoptti L., Ruagh-li^god Buiiard ; PeritU 
apiwnu Ony.. Honey Buzzard. 

A»tur pahmibariun L., Goshawk; Xitui eamnmnie Cur., Bparrowhawk. 

Falw ti/iHUMmlu* L..Eesti'el ; /ijfr^rini" I^., Peregrine-falcon ; F.ciindirlui 
Gm.-= gyrfalco L.. Jer-falcon. 

GircHt rufiu L. (:erujit»ri»jMj, Marsh Hairier ; C. nyaneus I,.. Hen Harrier. 
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Fam. GypogeranidaB. Slender body, with long neck, long \\mg6 and tail, 
and much elongated metatarsus. Beak \\'ith extended cere, laterally compressed 
and strongly curved. Gf/pogeranm scrpentariux 111.. Secretary bird. Flies 
badly, but runs well ; preys on snakes in Africa. 



II.— EATITJE. 

Birds incapable of flight, without sternal keel, and ^Wthout firm 



remiges or rectrices. 



Order 1. — Cursores. 



Eatitce of considerable body size, vnth three-toed or exceptionally/ 
with two-toed cursorial feet, 

Tlie Ostriches, which are the largest of living birds, possess a broad 
and flat, deeply-slit beak with a blunt point, a relatively small, in 
part naked, head, a long, slightly feathered neck and long powerful 
cui'sorial legs. Besides the reduction of the wing-bones, there are 
other peculiarities of skeletal structure which characterise these birds 
as being exclusively cursorial. Almost all the bones are heavy and 
massive, with much reduced pneumaticity. The sternum has the 
foi-m of a broad, slightly arched plate, without any trace of a keel. 
The clavicle also is undeveloped, and the uncinate processes of the 
libs are rudimentary oi* entirely absent. The plumage covers the 
body with tolerable uniformity, except that there are naked places 
on the head, the neck, the extremities, and the abdomen ; but does 
not present any regular ari-angement of pterylce ; it approximates in 
its special structure to the hairy covering of Mammalia (Cassowary). 
While the down is much reduced, the contour-feathers have a more 
down-like appearance on account of their flexible shaft and lax vane, 
or they may be stifi* and hair-like with setiform barbs, or sometimes, 
as in the wings of the Cassowary, they are spine-like. 

Fam. Strutliioiiidse. Two-toed Ostriches. With naked head and neck, 
pubic symphysis and long, completely naked; two-toed legs. They inhabit the 
plains and deserts of Africa. They live in companies, and are polygamous. 
Strut 7(10 camelus L., Ostrich. 

Fam. Sheidse. Three-toed Ostriches. With partially feathered head and 
neck, and three-toed feet. They inhabit America. Rhea ameHcaTui Lam., 
Rhea. 

Fam. Casuariidse With high, almost compressed beak, and usually a helmet- 
shaped, bony knob on the head, with short neck and three-toed legs. Dnymcpug 
Nov(P Hollandice Gray, Emeu, Australia ; Qasuarins galeatus Vieill., Cassowary, 
New Guinea [Ceraml. 
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'I'he reduction of tlie wings in terrestrial Liiils is not eoiifiHed to 
tlie Ostiichefi ; bat is also characteristic of a number of very strangely 
organised forms which differ so much from each other that they 
deserve to be separated into sevei-al orders. These birds belong 
principally to New Zealand ; aim to Madagascar and the Maucai'enes. 
8om6 of them are extinct, but have only become so within historic 
times. 

In the uninhabited forest regions of the nortb island of New 
Zoidiind tiiei* still lives, though gradually appronching extinction, 




an extremely remarkable bird — the KiH-i (Apteryz Mantelli - Aus- 
tralia Shaw), which is sometimes placed among the o^triidies and 
called the Dwarf Ostrich. A second species of the same genus {A. 
Chuenii) belongs to the south island, on which another largei' form 
^Soaroa) is said to exist, and bus been distuigiiished as a third species 
(A. maxima. VeiT.). These bii-ds (Apterj^a), which are about the 
size of a large hen, are entirely covered with long, hnir-lilte feathci's, 
which hang down loosely and completely hide the I'udimentai'y wings. 
The short, powerful legs are covei-ed with scales ; the three anteriorly 
directed toes are armed with claw's adapted for scratching; tlie hind 
toe is short ami I'aised from the gi'ouiid. The head, which it- home 
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on a short neck, is prolonged into a long and rounded, snipe-like beak, 
at the extreme point of which are the nasal apertures. The Kiwis 
are noctimial birds, which by day remain concealed in holes in the 
earth and go out at night to seek their food. They feed on insect- 
larvae and worms, Hve in pairs, and at the breeding time, which seems 
to come twice in the year, they lay, in holes scraped in the earth, a 
strikingly large eggy which according to some is incubated by the 
female, and according to others by the male and female in turn. 

A second gi-oup of teirestrial birds of New Zealand, which are 
incapable of flight, includes a number of forms which are in great part 
extinct, and some of which attained an enormous size (up to ten feet 
high). These are the Dinornithidse. Of heavy, unwieldy build, and 
incapable of raising themselves from the ground, they were unable to 
resist the pursuit of the natives of New Zealand. The remains of 
some have been found in the diluvium, and in some cases the bones 
appear so recent, that it cannot be doubted that tliey co-existed with 
man. The ti-aditions of the natives about the gigantic Moa, and 
numerous discoveries of tlie fragments of eggs in gi*aves, also point 
to the fact that these gigantic birds have lived in historic times; 
while, on tlie other hand, recent discoveries have rendered probable 
the existence of smaller species at the present day. Recently in the 
•exploration of the mountain ciiains, between the Rewaki and Tabaka 
rivers, the footprints of a gigantic bird, the bones of which were 
already known from the volcanic sand of the north island, have been 
discovered. The restoration of the skeleton of gigantic species 
{Palapteryx ingens, Dinornis giganteus, elephantopus, etc.) has been 
partially effected from the bones which have been collected. A 
skeleton of Dinornis elephantopus is in the British Museum, and 
one of P. ingens has been set up in Vienna by Hochstetter (Voyage 
of the Novara). In Madagascar pieces of the tarsal bones of a 
gigantic bird have been found in the alluvium (jEpyomis maximus 
— the Reek of Marco Polo), and well-preserved, colossal eggs have 
been discovered in tlie mud, the contents of which would have been 
equal to about 150 hen's eggs. 
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CHAPTER IX. 
Class v.— MAMMALIA. * 

Warm-blooded, hairy animals with double occipital condyle. They 
are viviparous and stickle tlieir young with the secretion of milk 
(niammary) glands. 

As opposed to Birds, Mammals are adapted, by the similar struc- 
ture of the two pairs of extremities, to live principally on land. 
There are, however, in this class also forms which are fitted in 
various degrees for an aquatic life, and even live entirely in water, 
and again forms which move and find their food in the air. 

The surface of the skin is rarely quite smooth as in the Cetacea, 
but is traversed by numerous curved, spiral, and partly crossing 
furrows, and in many places (sole of foot, ischial callosities) is thick- 
ened and indurated, so as to form firm, horny plates. 

The hairy covering is to Mammalia (named " Haarthiere " by Oken), 
what the plumage is to Birds. Hairs are never entirely absent; 
even the huge aquatic forms and the largest of the tropical terrestrial 
species which seem to be naked, possess hairs on certain parts of the 
body ; e.g., the Cetacea have short bristles, at least on the lips. Hairs, 
like feathers, are epidermal structures (fig. 666.) The bulbous root is 
placed on a vascular papilla (pulpa), at the bottom of a pit, which 
projects into the cutis and is lined by epidermal cells (hair-follicle) 
while the upper part, or shaft, projects freely on the surface of the 
skin. Two kinds of hairs may be distinguished, according to the 
strength and rigidity of the shaft, viz., contour hairs and woolly 
hairs. Woolly hairs are delicate and curled, and surround in larger 
or smaller numbers the base of each contour hair. The finer and 
warmer the fur, the more numerous are the woolly hairs (winter-fur). 
When the contour hairs have a greater strength they become bristles, 

* Joh. Ch. D. V. Schreber, " Die Saugethiere in Abbildungen nach der Natur 
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imd when still utroiigei- and thicker they constitute spines (Hedgelu 
PoiTjupine.) To the stronger haii-s sre attjiohed smooth mnsclea d 
the dermis, by means of which each one of them can be moved sioglj^ 
while the striped mu.scular system of the dermis causes the bri 
of the hairy covering and the erection of the spines over 1 
ejctentfl of surface 

The epideimis may aI*o give rise to smaller homy scales as well a 
to large oveilapping scales the formei on the tads of Rodents a 
Marsupials, the latter upon the "hole dorsal and lateral narfaces <t 
the pAngolins (Man 
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extreauties of the d 
are epidermal struetiires Tlie latter may be distinguished i 
nail^i (unguM lamnarts, unguis tegtdani,), claws (fulciila), and hoc 
{imgula ) 

Cutaneous glands —Sweat glands and sebaceotis glands (fig 66ffl^ 
are wideh distributed Sebaceous glands are invariable aocompaoM 
ments of the hau folhcles but they ire ah>o found on naked parte q 
the bTtjh ; they secrete a fatty gi-ease, which keeps the surface of ih(| 
skin soft. The sweat glands have the form of coiled glandular ti 
with sinuous ducts, and are only seldom absent (Celacea, Mice, Te^ 
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The larger glands, with strongly smelling seci-etions, which open on 
various parts of the integument of many mammals, are to be regarded 
as modified sebaceous or more rare!y sweat glands. As examples of 
such glands may be meutioned — the occipital glands of the Camel, 
the glands whiuh are plumed in a depression of the lachrymal bone of 
C'ervus, A^Uilo^ie, Ovis, the temporal glands of the Elephant, the 
facial glands of the Bat, the pedal glands of Ruminants, the lateral 
glands of the Shrewmouse, the saci-al gland of Bieolyha, the caudal 
glands of the Desman, the cinral glands of the male Monotremes, 
etc. These excretory organs are most frequently found near the 
anus, or ui the inguinal region, and are then often placed iu special 







cutaneous pits^ — -S-g-, the anal glands of many Carnivorii, Rodentia, 
and Kfiintata, the civet gland of the Viverridte, the musk pouch of 
Moschtis mosckiforus, and the preputial glands of the male Beiiver. 

The skeleton is formed of heavy bones containing marrow. The 
ukuU (fig. 667) is a spacious capsule, the bony pieces of which are 
only exceptionally {Omithorhyncktts) fused in early life, but as a 
I'ule they remain for the most part separated by sutui* thi^ughout 
life. There are, however, many cases in which in the adult animals 
the .sutures have partly or wholly vanished (Ape, Weasel). The 
great extension of the ci-anial caj-sule is due not only to the lai-ge 
si/.e of the roof of the skull, but also to the fact that the lateral bones 
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of the skuU ill pliice of the inteiwrbital septiiiii extern! forward intOil 
the ethmoid region. Thiis it hapi>ens that the ethmoid (^ntncKfl 
aribrota) constitutes the Uounduiy of the anteiriop and lower | 
of the BkuU (fig. fifi8). The temponj hones also take fin 
part in bounding tlie ci-anial cavity, Bince not only the petrous and a 
I»a.rt of the ma-'toid * but al-« the large hquamosal occupy the s'^ 
reiuttmiiig between tl e abwphen id and exoccip tali The ocdpitsSl 
alway articulates with thf hret cemcvl vertebra {atlag) by tw 
cond)te8 and ite laterul po t uns (exocc pit lb) frequently present ■ 
pyramidal p:ocebB on etcl aide {juj lav oi ] aramanloid ;»vce«#^'| 
The prte pheno 1 and Kitsphenod {hg X) often remain bepara 
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for a long time. To the lattei are applied the alisphenoids with K 
paiietals, which belong to this region. An interparietal is oft6 
developed behind the parietal ; it is, however, usually ankylosed n 
the supi-a-occipitid, more rarely with the parietal. The frontal bom 
constitute the roof of the skull in the i-egion of the orbitoapheooidBjl 
they are leas frequently fused than are the parietals. The temporal^ 
bone has several constituents — (1) Tlie petrous portion, which i 
composed of the three pieces of the periotic capsule — the pj 
and epiolic ; (3) the mastoid portion, which ia a part of the epiotio^l 

(3) the squamous portion or equamosal, which ia a larger bony scaled 

(4) the tvnipanic bone, which is attached to the squamosal, bouiMll 



' [TliB petrous and maHtoiil ti^etber 



the periolio.] 
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tlie external iiuditury meitun, and is frequeutly diliiteil to a projecting 
eipsule (ti/7Hpanic biclla). PostfrontaJs are absent. The pei'forateil 
crUrifonn plate (iawwVia m'ibrosu) of the ethmoid forms the anterior 
bonndaiy of the ci'anial cavity. In the Apes and Man only, do the 
latei-al parts of the ethmoid (the part known as laniina pupyracea) 
take part in the formation of the inner wall of the orbit. In all 
other cases the ethmoid is placed in front of the orbit, and its aides 
jwe covered by the masillaries ; m such cases it has a considerable 
longitudinal extension. Two parts may be distinguished in the 
ethmoid — (1) A median plate— the lamtTia pm-pendicitlaris — which 
ia continued in front into the cartilaginous intemasal septum^ and 
is underlaid by the vomer; (2) the lateral masses, with the lamina 
cribroaa and the labyrinth (ethmoidal cells and the two upper tur- 
binols); the hrst corresponds to the nnpairedetbmoid, the second to the 
pKefrontala of the lowei- Vertebrates, Finally, in the anterior part 
of the nasal cavities there are, as independent oasifications, the inferior 
turbinals (masillo-turhinala), which are attached to the inner surfaces 
of the maxillary bones. On the outer surface of the ethmoid region 
are placed, as membrane bones, the nasals above and the lachrymals 
to the sides. The laehrymal (absent as an independent bone in the 
Pinni^edia and most Oetaeea) is placed in the anterifli' waJl of the 
orbit ; but usually also appears ae a facial bone on the outer surface. 

The firm fusion of the majdllo-palatine apparatus with the skull 
and the relation of the mandibular suspensorium to the tympanic 
cavity, ai-e chaiucteristic of the Mammalia, The lower jaw articu- 
lates directly with the temporal bone without the interposition of * 
(luiidrate, the morphological equivalent of which is shifted, in the 
course of development, into the tympanic cavity and transformed 
into the itums, while the upper part of Meckel's cartilage (articulare 
of the lower jaw) becomes the malleus (Reichert), The atapeg, on 
the contrary, is said to be developed from the upper piece of the 
hyoid aroh {liyomandihular). The maxillary, pterygoid, and palatine 
bones have similar relations to those of the Chelonia, and CrocodHia, 
but a quadratojugal is always wanting, since the jugal ia applied to 
the squamosal, A palatal roof (hard palate) separating the buecai 
and nasal cavities is always present ; the posterior nares open at its 
hind end. 

The cranial capsule is so completely tilled by the bi'ain in the 
Mammalia that its internal surface presents a relatively accurate 
impression of the surface of the brain. Owing to the considerable 
size of the brain the cranial capsule is far more spacious than in any 
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other eWs of Vertebrates; but it presents gi-eat variations in this' 
respect in the inrtii"idual groiipe, more especially with i*gftrd to tlie 
development of the fat*, the piwiiiineiiee of which in general varies 
inversely with the development of the intellectual facilities (Camper's 
fncial angle). The hyoid lione is reduced to a transverse, bridge-lilra ' 
piece (body of the hyoid), with two pairs of cornua. In Myoeta i 
is largely developed and excavated. 

The vertebral coliunn, escept in the Cetacea, ia di^-ided into f 
regions, viz., cervical, thoracic, lumbar, sacrsd and caudal (fi 
In the aqiifttic Cetucea, which are without hind limbs, the lumbar J 




region passes graduaUy into the caudal ; on the other hand t 
cervical region ia strikingly shortened, and the fusion of its 
vertebra renders it i-igid and immovable. The vertebral bodiea e 
only exceptionally (neck of ITngulates) connected by articular s 
faces, but are usuidly joined by elastic discs (inten-ert-ebral ligamente^a 
The first cervical vertebra, [atlas] is a bony ring with broad, wing-li 
transverse processes, on the articular surfaces of which the t 
occipital condyles rest and permit of the head being raised t 
depi-esaed. The turning of the head to the right and left if 
by the movement of the atlas about a median process — the odoniaidi^ 
process — of the next vertebiii, whicli is called the anyU (tpiairopheu 
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This pitwess correaponJM morphologii-ally to the oentruiu of the jitlas, 
whioJi is separated from the hitter and joineil to the centrum of the 

The dorsal vertebrje are characterised by high, crest-like, spiuoiia 
processes, mid by the possentdon of ribs. The anterior ribs are 
attached by CMlilage to the stei-uum, which is usually elongated aud 
composed of a number of bony pieces aii-anged one behind snother ; 
the posterioi- ribs {the so-called "false ribs") do not reach the 
stenium. The riba ai-ticulste witlj the vertebrw by means of a 
capituluifl and a tuberculum, While the number of cervical vertebi-ie 
i.s almost constantly seven, that of the doi-sal vertebne is subject to a 
greater vai-iation. As a mle thei-e are thu-teen, sometimes twelve 
dorsal vertebm; but there is a less number iu some Bats and Arma- 
dillos, while there are fifteen or more in some animals. The Horse 
haw eighteen, the Rhinoceros and Elephant nineteen to twenty, and 
the thwe-toed Sloths have twenty-thi'ee to twenty-four. The lumbar 
vertebne, which have long lateral pi'oeesses in place of ribs, are 
usually seven in number. The number rarely sinks to two us in 
OmithorhTpich'ua and the two-toed Anteaters, aud still more rarely 
lises to eight or nine {Stetiupti). Tlie gacral vertebne, whicJi vary in 
number from two (Marsupinls) to four, more rarely nine (Armadillo), 
ai-e firmly united with one another, and by their transverse processes 
(with the nidiments of the ribs) with the iliac bones. The caudal 
vertebne, which vary consideiably in nmnber and mobility, becom€( 
narrower towards the end of the axis of the body, and often 
(Kangaroo and Anteaters) possess inferior spinous processes ; but all 
the proeeases become less and leas conspicnoua towards the posterior 
estremity. 

The anterior pair of extremities is never absent. The clavicle is 
absent when the anterior limbs serve only for the support of the 
anterior part of the body in locomotion, or perform simple, pendulum- 
like movements, as in swimming, walking, running, jumping, etc., 
(Whales, Ungulates, Oamivoi'a). Otherwise the scapula is connected 
with the stenium by a more or less stivng, rod-shaped clavicle. The 
coracoid is almost always reduced to the coracoid pixKess of the 
BcapiUa; in the Monotreiuata aa\j is it a large bone which reaches 
the sternum. The posterior exti'emities ai-e more firmly connected 
with the body than are the anterior. In the Whales alone is the 
pelvic girdle rudimentary, and is represented by two rib-like bones 
which are quite loosely connected with the vertebral column. In all 
other Mammals the peUic girdle is fused with the lateral parts of 
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the sacnim, and is closed ventrally by the symphysis of the pubis 
and sometimes also of the ischium. The appendages articulated to 
the pectoral and pelvic girdles are considerably shortened in the 
swimming Mammalia, and either constitute, as in the Cetacea, flat 
fins, the bones of which are immovable upon one another (in the 
Sirenia there is a joint at the elbow), and in which there are a great 
number of phalanges, or, as in the Pinnipedia, have the form of 
fin-like legs, which can also be used in locomotion on land. In the 
Cheiroptera (Bats), the anterior legs present a large surface in con- 
sequence of an expansion of the integument {patagium) uniting the 
fore-limbs with the sides of the body, and extended between the 
elongated fingers. The fins of the Cetacea and the wings of the 
Cheiroptera are, with the exception of the thumb of the latter which 
projects from the patagium and bears a claw, without nail-like 
structures. 

In the land Mammalia the extremities present considerable varia- 
tions both in their length and special structure. The length of the 
tubular humerus in general varies inversely with that of the metar- 
carpus of the anterior extremity. The radius and idna in the fore- 
limb and the tibia and fihida in the hind-limb are almost always 
longer than the humerus and femur respectively. The ulna forms 
the hinge- joint of the elbow, and is prolonged at this point into a 
process called the olecranon ; tlie radius, on the other hand, is con- 
nected with the carpus, and can often be rotated round the ulna 
{^pronation, supination) ; in other cases it is fused with the ulna, 
which then constitutes a rudimentary, styliform rod as far as the 
articular process. In the hind-limb the knee-joint projects forwards, 
and is usually covered by a knee-cap, the patella ; the fibula is some- 
times (Marsupials) movable on the tibia, but as a rule these two 
bones are fused, and the fibula which is placed posteriorly and 
externally is usually reduced. The variations in the terminal parts 
of the limbs are far more striking (fig. 670). The number of digits 
is never greater than ^yq, and is often less. The digits disappear in 
the following order : firs',., the inner digit or thumb (digit No. 1 ), 
which is composed of i-wo phalanges, becomes rudimentary and 
vanishes; then the small outer digit (digit No. 5) and the second 
inner digit (digit No. 2) are reduced, sometimes remaining on the 
posterior surface of the foot (Ruminants) as small accessory claws 
which do not reach the ground, or totally vanish. Finally the 
second external digit (No. 4) is reduced or absent, so that the middle 
digit alone remains for the support of the limb (horse). 
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This gradual reduction of the digits is acoompaiiied by a simplifica- 
tion and altemtion of the carpnl and tarsal, metacarpal and metatar- 
sal bones; the metaearpals (metatarsals) of the rudimentary or absent 
digits are reduced to styliform bones or are entirely absent, while 
the two middle metacarpals (metatarsals) (3 and 4) are often united 
to form a strong and long tubular bone. The small carpal and 
tarsal bones which are employed in the formation of the foot-joint, 
and serve essentially to diminish the shock produced by the move- 
ments of the limbs when used in locomotion, are arranged usually in 
two, sometimes in three rows; in the tarsus, two bones — the astra- 
gcdi's and aalcansum — are usually much larger than the rest. The 




digits of the anterior foot may be called fingers after the analogy of 
the human hand. The anterior foot becomes a hand when the Inner 
finger or thumb is opposable. The great toe of the posterior foot ia 
also sometimes opposable, but the foot does not on this account 
become a hand, but only a prehensile foot (Apes) ; foi' the hand is 
characterised by the special arrangement of the carpal bones and 
muscles. According to the manner in which the foot rests on the 
ground in movement, animals are distinguished as plantigrades, 
digitigrades and unguligrades. In the last case the number of digits 
and metacarpals {and metatarsals) is reduced, and the limb is much 
elongated by the transformation of the metacarpal (metatarsal) bone 
into a long tubular bone. 



The neiTOUB 83r8tem (fig. 671) is chai-aoterised by the size a: 
development of the bi-ain, the hemispheitss of which are so large t. 
they not only till tlie iititerior piii-t of tlie ci-anial cavity, but ( 
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from tlie rtgoe aaimol). FA, cerebral Lemlapheree i JtfA, f^orpus qnadrigemlnilin 
cerBbBllunii fltoJniBdoUa oblongrata! Lo, oltaoloiy; lobe i If, optic neryei V B, 
geminal ; fJI VI tl, faclsl mui aniUtoiT nerves ; S, hypopli jsia cerobri ; m, a\ 

partly covei' the cereheilnm. In the Marsupials and Monotrem 
the surface of the bemispherKi Ls still smooth ; but in the EdentBita 
Kodente, and Insectivorea it is marked by depressions and r 
which in the higher forms become regular furrows (mild) and o 



THE SENSE ORGANS. 283 

lutions (yyri). A commissure (corjnis ccdlosum) connecting the two 
hemispheres Ls well -developed, and rudimentary only in the Aplu- 
centalia. On the other hand the optic lobes, which are known as 
the cor2)(yi'a giuidrigemina, and are the equivalents of the corpoi*a 
higemina of the lower forms, are reduced in size, and are in great 
part or entirely covered by the posterior lobes of the hemispheres. 
The pituitary body {hypophysis) and the • pineal gland are never 
absent. The cerebellum in the Aplacentalia resembles that of the 
birds in the disproportionate development of its median lobe. There 
ai'e, however, numerous intermediate stages between such a cere- 
bellum and a cerebellum in which the lateral lobes are largely 
developed. The pons Varolii also is little developed in the lower 
forms, but in the higher Mammals is increased to a large swelling, 
at the point where the brain is prolonged into the spinal cord. The 
twelve cranial nerves are completely separated. The spinal cord 
usually extends only as far as the sacral region, where it ends with 
a caiida equina ; there is no posteiior rhomboidal sinus. 

Sense organs. — The olfactory organ presents, on account of the 
complication of the ethmoidal labyi'inth, a greater development of 
the olfactory mucous membi-ane than in any other class. The two 
nasal cavities, which are separated by the median septum, often 
communicate with spaces in the neighbouring cranial and facial bones 
[sinus frontdles, sphenoidales, muxillares), and open externally by 
paired apertures ; in the Ceta^ea, which have no sense of smell, the 
latter may be fused to form a median opening (Delphinidoi), In 
this case the nasal passages serve only as air-passages. The nasal 
openings are, as a rule, supported by movable cartilaginous pieces, 
which in some cases are largely developed and lead to the formation 
of a proboscis, which is used as a buri'owing and tactile organ, and 
when greatly developed (Elephant) as a prehensile organ. In the 
diving Mammals the nasal apertures can be closed by muscles 
{Fhocidre) or by valvular apparatuses. A nasal gland is often present 
on the external wall of the nares, or in the cavity of the upper jaw 
{maxillary sinus). The olfactory nerve is distributed as in the Birds 
on the superior turbinal bones, and on the upper parts of the nasal 
septum. The internal nares are always paired and open into the 
pharynx, far back at the end of the soft palate. 

The eyes (vol. i., B.g, 88) present various degrees of development ; 
they are always small in the Mammals which live beneath the earth, 
and in some cases (Spalax, CKrysochloms) are quite hidden beneath 
the skin, and are incapable of recei^'ing luminous impressions. They 



284 UAUHALIA. 

are n^uallf placed at the sides of the head m an incompletely closed 

orbit (continuona with the temporal fossa). As a role, each eye has 
a sepai-ate field of vision ; a convergence of the optic axes is only 
possible when the eyes are placed on the front of the head {Primafet). 
Besides the upper and lower eyelids there is an internal nictitating 
membrane (with the Harderian gland), which is, however, not fully 
developed, and is without the muscular apparatus of the Birds' 
nictitating membrane; it in sometimes reduced to a small rudiment 
{plica gemilunaria) at the inner comer of the eye. The eyeball is 
more or less ^^pherical (in the Cetacea, etc., with shortened axis), and 




w of the tympanic membi 

I; SI, stapes dOBinx 
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am often be retracted into the orbit by a retractor hulhi. The 
lachrymal gland with its duct, which open.s into the naaal cavity, 
hes on the upper and outer side of the orbit. The choroid has a 
tapetum in the Carnivore:^, Pinnipedes, Dolphins, Ungulates, and 
some Marsupials. 

The aaditory Ol^n (fig. 672, and tig, 578, iii.) differs from that 
of the hiid principally in the more complicated development of the 
external ear, in the greater number of sound-conducting bones (slapet, 
iiiois, itudleus), and in the form of the cochlea, which is usually 
coiled into two or three spii-al pas.sages. The tympanic cavity is also 
more spacious, and is by no means always confined to the space 
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enclosed by the tympanic bone which often projects like a vesicle 
(tympanic bulla), but is in communication with cavities in the neigh- 
bouring cranial bones. The tympanic cavity is largest in the Cetacea, 
in which the sound is not transmitted, as in the terrestrial animals, 
by the tympanic membrane and the auditory ossicles to the fenestra 
ovalis of the vestibule, but is conducted mainly by means of the 
bones of the head thix)ugh the air of the tympanic cavity to the 
fenestiu (/. rotunda) of the unusually large cochlea, and thence by 
the perilymph of the scala tympani. The three semicircular canals, 
vdt\\ the vestibule and cochlea, ai^ very firmly embedded in the 
l)eti*ous bone, which in the CeUicea is only connected by ligaments 
A\ith the neighbouring bones. The Eustachian tubes open in the 
Cetacea alone into the nasiil passages, in all other Mammals into the 
pharynx. An external ear (pinna) is wanting in the Monotremes, 
many Pinnipedes, and in the Cetacea, in which the external meatus 
outside the convex tympanic membrane is represented by a solid 
cord; it is rudimentary in the aquatic animals which are able to 
close the external opening of the ear by a valvular apparatus, and in 
the buri'owing Mammalia. In all other cases it consists of a very 
variously-shaped external appendage, supported by cartilaginous 
pieces and usually moved by special muscles. 

The sense of touch is mainly located in the skin of the ends of the 
extremities (tactile corpuscles on the tips of the fingers and on the 
surface of the hand of Man and the Apes) ; also on the tongue, 
l>roboscis, and lips, in which long bristle-like tactile hairs {vihrissce), 
embedded in follicles, with peculiar nervous ramifications, are very 
irenerally present. 

The sense of taste has its seat principally at the root of the tongue 
(papillce circumvallatw, compare fig. 89, vol. i), but also on the soft 
])alate, and is far more highly developed than in any other class of 
:jnimals. 

Dentition. — At the enti-ance to the digestive organs the jaws are 
almost always armed with teeth. Only individual genera — as 
Echidna, Afanis, and Myrmecophaga — are entirely without teeth, 
while the whalebone Whales, which bear on the inner surface of 
the palate vertical horny plates (whale-bone), arranged in transverse 
lows (fig. 673), possess teeth, at least in the foetal condition. Homy 
teeth, produced by hardening of papillae of the buccal mucous mem- 
brane, are present in Omitlwrhynchus and Rhytina, 

The dentition of the Mammalia is never so much developed as that 
of Fishes and Reptiles ; and the teeth, which are wedged into alveoli. 
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are conlined t*J llie iiiM.\illie, prii-inaiillu^, unJ uia.inli!)!e. The ex 
[lart of the tooth (i.e., the part which projects fiwra the guin, i 
ra,l!eii the crown, as opposed to the root) in covered with the harder 
enamel, which oonHiiits of prisms lu-ranged at right angles to the 
cavity of the tooth (pulp cavity). Two kinds of teeth may | 
distinguished— (i) Simple twth (d. simj^iaes), in which the layer 4 
enamel forms a simple cap ; (2) complicated teeth (d. coraplicati), I 
which the eiiam.el is folded and penetrates into the dentine, 
simple or complicated teeth are connected together by osseou, 
{cement), they are called composite teeth (d. eompotiCi — Hai^e, ] 
jihant). Karely, and only in those cases in which the dentition | 
used, as in the Crocodile, as a prehensile or cutting apparatifs, B! 
the teeth in aU parts of tlie jaws alike, having the form and funotii 




} 



of prehensile conical teetli (Dolphin). An a ruJe, tliey are t 

gnished according to theii' position in the anterior, lateral, 

posterior parts of the jaw aa vtwisors, cnnines, and grintlera (b( 

teeth). The incisors are chisel -shaped, and serve to cut the i 

in the upper jaw they belong exclusively to the prtemaxiUary b 

The canines, which are placed to the sides of the incisors, 

half of the jaw, are conical or honked, and aerve prinoipi 

a« weapons for iittack and defence ; not unfrequently, 

they are absent (Ruminants, Rodents), and there is a wide | 

{diastema) between the incisors and the grinders. The latter ^ 

specially adapted for the liner mastication of the food, and i 

crowns are usually provided with a tuherculatod or giinding s 

The teeth either last throughout life, and the dentition is not renewn 

{Monophyodonta : Edentates, Getaceajis), or there is a single chan^ 

of teeth {Diphyodonta) {fig. 674). In the latter case the 
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are changed constitute the mUk dentition. The (interior gi'indera, 
which with the incisoi-s and canines are repliu^eil, are known 
JIB the prmmolars, as opposed to the posterior, true molars, 
which belong to the permanent dentition, and are not i-eplaced. The 
true molara only appear after the milk teeth have heen replaced, and 
are distinguished by the size and number of their roots, as well ob by 
the extent of their crowns. Formulie, in which the numbera of 
incisors, canines, premolars, and molars in the upper and lower jawa 
are given, are used to indicate in a simple mannei' the nature of the 
dentition, e.g., the dental formula of man is 



[. 2-2 1-1 
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Alimentary oanal. In addition to the hard structures at the 
entrance to the digestive cavity, 
soft, movable lips which bound the 
mouth opening, and a fleshy tongue 
which is of very various form and 
■ lies on the floor of the bnecal carity, 
are of special importance for the 
introduction and prepai-ation of the 
foo<l (fig. 675). In the Monotremata 
the lips are I'eplsced by the edges of 
the beak. The tongue, however, is 
never absent, but it may be im- 
movable, and completely fused with 
the floor of the month, as in the — ^^^ r?"^'"?" «"^.''k-*'«^ 
Whales. It's front part is mainly oiniars n'f tha peromneut iKoiHUon 
tactile in function, but in some cases Mniara. 

it is used to seize (Girafie) or capture food (Ant-eaters), Variously 
shaped papillie, which are often comilied and b^ai' recurved hooks, 
project from its upper siu-face. The papUlcE (nreumvallatcf alone have 
a relation to the sense of taste. The tongue is supported hy the hyoid 
bone and by a cartilaginous i-od, which represents the o* interglossnm 
(/,;/lta). The anterior eornua of the hyoid are attached to the 
styloid processes of the tempoml bone, the posterior bear the laiynx. 
Beneath the tongue there is sometimes (most developed in the 
Inseetivora) a single or double projection, which is tei-med the lower 
tongue. The sides of the buccal cavity are soft and fleshy, and are 
not iinfrequently in the Rodents, Apes, etc., dilated into wide sacs, — 
the so-called cheek- pouches. The soft palate (palatum nioUe) must be 
mentioned as a stracture peculiar to the Mammalia ; it constitutes 



the boimOaiy between the buccal cavity and pharynx. All Mammala, 
with the exception of the carnivorous Cetaeea, have salivury gUnda, — 
a pai'otid, & Bubmuxitlary, and a sublingual, — the fluid secretion of 

b 




Fio. 67S.- Kii[™iectuth8digcaii»eapi«tBtuaanaUie respirtttoty orumiB i>f the Cat (»fter 
C. HeLder). u, head with exposed eahvar}' p;]nuds. P. Parotid; If, Bu)>-iiiaxillar7; 9u, 
Sub-linicual, (, LuogitudiDaL sectioD through the Head and Thoiai ; the BeapiiBtorf 
oreaDBOre Keen fti)mlho side. If, Nasal aperture; If«i, TurbinaJ Imnes ; M, Mouth; Z, 
ToDduo; Po.Volumpalalii Oi, OesophaguB ; i.Larj-ni; K, EpidlolliB ; 2i, HtoIiIj IV, 
Tntchca ; F, Lung ; D, Diaphragm ; T, ThjToid ; 5, TliTmus ; IV, Opening of 
EustKcliiaa tuhe into the I'haryni; X, CerebraJ hemi spheres ; C, Corpu* oaUoanm; 
C/i. Cnriiont (inadriBemina i Cb, Cerobellum ; S, Spinal oonl ; Hy, Hypophyeia ; W, 
VortebrnI culuuin ; St, Stennini. r, LoDgitudinal section through the Luyux (£) and 
the flret part of tlic Tracliea (TV), S, Vocal cord j S. Epiglottia. 

whicli is poured out in large quantities, especially in the Merhivora. 
The (jcsopbagUK, which follows the wide gullet, only exceptionally 
pi'Biieiits crop-like dilutions; it is usually of considerable length, and 
opens into the Htomaeh behind the diaphiugm (vol. i., fig. 50). The 
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^tomllcll is, aji a. rule, a. i-iniple tranaversely plu(«d sac:, but i^ 
Ireqiieiitly divided by the gi-aduftl ditlerentiation iind contitriction of 
its anterior, lateral, and posterior regions into u, number of parts, 
H-hicli are most completely sepanited in tlie Ruminants and distin- 
guished as four sepwate stomachs. The pyloric i^gion is principally 
distinguished by the pveeence of gastiic glsnds, and is more or less 
sharply separated from the beginning of the small intestine by a 
Hphinoter mnscle and by an inwardly projecting fold (pyloric v<dve)_ 
The intestine is divided into u small and a large intestine, the 
boundary between which ia indioited by the presence of a valve and 
a cfficum, which is especially developed in hetbivoraus animals. The 
anterior part of the small intestine, or duodenum, contains the so- 
called Bnmner's glands in itu mucous membrane, and receives the 
secretion of the large liver and of the pancreas. The liver is multi- 
lobed, and is sometimes without a gall bladder. When a gall bladder 
is pi'csent the bile duct {d. cyttimte), and the hepatic duct {d. Itej/atieus) 
unite to form a common duct {d. dioledoelfitg). The small intestine is 
longest in animals which eat grasses and leaves, and is chai-acterised 
by the uumeroua folds (^vaivulw connlventes) and villi of its mueoufi 
membi-ane, and by the possession of a great number of groups of 
glands (Lieberkiihn's, Peyer's glands). The terminal region of fcke 
large intestine or i-ectnm opens, except in the Monotreinata which 
are characterised by the possession of a cloaca, behind the urogenital 
opening, though the two openings are sometimes suiTounded by a 
common sphincter (^Marstipialia). 

The heart (tig. ()76) of Mammalia, like that of Birds, is divided 
into a right venous and a left arterial portion, each with a ventricle 
and auricle (sometimes an in ffalicore the division is marked exter- 
nally). It is enclosed in a pericardiiim, and sends off an arterial 
trunk, which forms a left aortic arch,from which two vessels frequently 
arise, viz., (1) a right anonyma, with the two cai'otids and right 
subclavian ; and (2) the left subclavian ; or, as in man, three vajoiular 
trunks, viz., {1} a light anonyma, with the right carotid and right 
subclavian ; (3) the left carotid ; and (3) the left subclavian, all close 
to one another. As a rule, a superioi' and an inferior vena cava open 
into the right auricle ; more I'ai'ely, as in the Eodents, Monotremea, 
and Elephants, thei-e are two superior venae cavse. Hetia mirabilia 
have been recognised principally for the arterial vessels, and are 
found on the extremities of burrowing and climbing animals (iViewip*, 
M_'/n)iecophnga, Brnd;/pu», etc.) ; on the carotids round the hypo- 
ph^fris, nud on the ophthalmic arteries in the orbit in ituminants ; 
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finally on the intercostJil urteries iind the iliitc veins of the 
A renal -portal system is ulways absent. 

The lympliatic system is provided with numerous lympl 



glands 




d, right 



r.lertAiiricU 



thoraeioua), which i 
the left, opens 
superior Venn i^va. 
Of the so-called ' 
glandfi the spleen, t 
moB, and the ttiyroid, whj 
is especially developed in t 
yoiuig, are veiy genej 
present (tig. C75). 

The paired lungs (tig. ( 
are freely suspended in i 
thoi-acic cavity, and ai'e dis- 
tinguished by the numerous 
ramifications of the broncliial 
tubes, the finest branches of 
which end with conical, fun- 
nel -sliaped dilatations (tx^ 
fuwUbuUi), which are pre- 
vided on their lateral EUi-faces 
with awellingB. Respiration 
ig mainly effected by the 
movements of the diaphragm, 
which foi'ms a complete, 
usually transversely placed, 
septum between the thoracic 
and abdominal cavities : by 



Lrchj J«l,ilegFendliig Aorta; ai,rig1it the Contraction of iti 
Ciiratiili a, left Oaroiiil; Bd, rigU subolartao „yiHj. narts it acta as 
ArtoiT ; Sh, left salwIaTian Arterj ; M, MflHentBrJo " 

Arterj; 31, oommon Iliac Artmyi Va, 
VenaCaTtt; FdjSnperinrTBnaCaTai J!', 
niao veni ; Tp, Vena porta \ Ji, rfght Jneqlir ; 
Jt, left Jugular i SvL, dghc enbclSiVian 
Svt, left anbclftvlln ; Ap, pnlmojiarr Artorj 
pnbnoniiry Vein ; Tr, Traob^ ; fir, Brcmcl 



j 



epiratory muscle ; that is, it 
dilates the thoracic cavity. 
The elevation and depression 
of the ribs also have an etTect 
in dilating the thorax. The 
trachea is, as a rule, straight, without coils, and divides at its lower 
end into two bronchi leading to the lungs. There may be, in addition, 
a small accessory bronchus on the right side. The trachea is suppoi-ted 
by cartilaginous half-rings whicli are open behind, and only excep- 
tionally by complete rings of cnrtOage. The fii'st part of the trachea, 
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or larynx, is placed at the lower end of the pharynx, behind the root 
of the tongue ; it is supported by the posterior horns of the hyoid 
bone, possesses lower vocal cords, complicated pieces of cartilage 
(cricoid, thyroid, and arytenoid cartilages) and muscles, and coi.sti- 
tutes a vocal organ. 

In the Cetacea alone is the lar3mx, which projects in the base of the 
pharynx as far as the posterior nares, used exclusively for respira- 
tion. A movable epiglottis (almost tubular in the Cetacea), attached 
to the upper edge of the thjrroid cartilage, projects over the glottis. 
When food is being swallowed it sinks, and closes the glottis. Acces- 
sory cavities, with membranous or cartilaginous walls, are sometimes 
attached to the larynx. These sometimes function as air reservoirs, 
e.g., the air-sacs of Balcena, sometimes as a I'esonating apparatus for 
the strengthening of the voice, as in many Monkeys {Mycetes), 

The kidneys (fig. 677) still sometimes consist (Seals, Dolphins) of 
numerous lobes united together at the pelvis of the kidney. As a 
rule, however, thiey are compact bean-shaped glands, lying in the 
lumbar region, outside the peritoneum. The uretei's arise from the 
so-called pelvis of the kidney, and always open into a urinary bladder, 
placed in front of (ventral to) the intestine. The duct of the 
bladdei', or urethra, enters into a more or less close relation with the 
ducts of the generative organs, and leads into a simts or urogenital 
canal opening in front of the anus. Above the kidney there is a 
glandular organ termed the suprarenal body. 

The male sexual organs (tig. 677) of most Ma/ininalia are 
characterised by the change in the position of the testes. In the 
Monotreniata and Ceta>cea alone do the testes i*emain in their original 
position near the kidneys, in all other cases they descend in front of 
the pelvis, and, pushing the peritoneum before them, enter the 
inguinal canal (many Rodents), or, still more frequently, pass through 
tlie inguinal canal into a double cutaneous fold, which is transformed 
into the scrotum. Not unfrequently (Rodents, Bats, Insectivores) 
they pass back through the open inguinal canal into the abdominal 
cavity after the breeding season : this is effected by the ct^einaster, a 
slip of muscle separated from the oblique abdominal muscle. The 
scrotum, as a rule, lies behind the penis ; but in the Marsupials 
it is formed by an invagination of the integument directly at the 
ontiunce of the inguinal canal in front of the male copulatory organ. 
Tlie coiled excretory ducts of the testes, which ai'e derived from the 
Woljftian body, constitute the epididymis, and lead into the two casa 
iJeferentia, which, after forming glandular dilatations (seminal vesi- 
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clea), open close together into tlie ui-ethra. At this point open the 
diM.'tfi of the proaUUea, wliieh diA'ei' much in form, and ai-e often 
divided into seveml groiipe of glands. Further down a second pair 
of glands, known as Camper'^ glands, opens into the nrethra. Be- 
mains of the Miillei-iun ducts, which in the female are nsed as the 
oviducts, fi-equently persist 
between the openings of the 
vaaa defei'entia. Tliey are 
called the organ of Weber 
(iiierui ni/isc?dinu»), and in 
the ao-called Hermaphrodites 
their parts lire much eii- 
Inrjred, and may be differen- 
tiated in the mannei' peculiar 
to the Female sex. In all 
CHses the end of the ui-ethra, 
which functions as a. uro- 
genital canal, is iu connec- 
tion with external copulatoiy 
organs : these always have 
the form of an erectilf 
penis, which, in the Mono- 
tremata, i» coni^aled in a 
pouch in the cloaca. The 
penis is siipifortedby cavern- 
ous erectile bodies, which in 
the Monotremata ai-e con- 
iined to paired cwpora 
caverfu>sa urethriv ; but in aL 
other Mammalia there are, 
in addition to the corpus 
cavemomtm urethrce (c. spon- 
giosum) wliich is unpaired 
and surrounds the urethra, 




nuliciu (Snermatic cord>i JT, B|»didyi 
Vm dBleranB 1 Vi, VeBicnltp aemlBainBi Fr, Pro- 
Wale i %, UcogenilaJ ainns (Orellira) ; Of.CDWpm'a 
gluidB; 8t, Tyaon'a Blands; Dp, Corpora oavor- 



two upper corpora a 



pents, 






attached to 



the ischium, and only rarely fuse with one another. A cartilaginous, 
or hony support, the so^jalled os penis {Caraivwa, Sodenta), may 
also be developed, especially frequently in the glans, which i» 
formed by the corpus cavemosum urethra: (fig. 677). The glans, 
which is biJid only in exceptional eases {Mont}tremala, Maraupiafs), 
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rfes gi'ea.tly in its form, and lies retracted in a, reduplication 
f of the skin {foreskin or prepuce) which is richly gLuidular (gl. 
Ti/soniatufi). 

Female sexual Oi^aiu. The ovarieis (fig. 678) are unsymmeti-ical 
I only in the Monotremata, in consequence of the reduction of the right 
I ovary. In all other cases they are equally developed on either aide ; 
\ they are placed in folds of the peritoneum, cloae to the funnel-shaped 
I dilated mouths of the oviducts, by which they are sometimes com- 




is. UTS,— PemalB BBnarati™ organe, a. ot Or«i'*!w*y»c*«,l(afl«r Owen) ; i, of TiMpra 
SeuUil,' c, of (Vnqiiftenii Knc/riniu,- On, OVILI7; T, OvldDCt; IT, UCenui ; K.VagJna; 
B, Drinar.y bladder ; Ur, Uretar ; M, Month oE TlteruH ; F, opening of UrBter ; 8. 
urogBnltBil Sinns ; Kl, Cloaca ; D, Intesliae. A Btf ie ia paased throasb tbo openinR 
ut Om lalCor Into the ClOBca. 

pletely surrounded. The oviduct is divided into the FaUopitm Ivhs, 
which is always paired and begins with a free ostium ; the dilated^ 
sometimes paired, more frequently unpaired, middle portion — the 
uterus; and the terminal part, or ixcffina, which is unpaired, except 
in Marsupials, and opens behind the opening of the urethra into the 
short urogenital sinus, or vestibule. In the Monotremata the two 
tubular uteri open, without forming a vagina, on papilliforai 
prominences into the urogenital sinu3, which is still connected with 
the cloaca (fig. 678 a). 

According t^ the different degrees of duplicity of the uterus 
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(when a vagina is present), we may distinguish : the uterus dtiplex, 
with more or less complete external sepai^tion and double os 
uteri (Rodents, Mai-supials) ; the uterus bipartitus, with single 
OS uteri, but almost complete internal partition (Rodents) ; the 
uterus bicornis (fig. 678 6), in which the upper parts, or horns of the 
uterus are separate ( ( ^ngvlata, Carnivora, Cetacea, Inaectivora) ; and 
finally the uterus aimjylex (fig. 678 c) with single cavity and very 
muscular walls (Primates), 

The vestibule, with its glands of Duvernoy (Bartholin), which 
correspond to the Cowperian glands of the male, is separated from the 
vagina by a constriction, and sometimes also by a fold of the mucous 
membiane, called the hymen. The external generative organs consist 
of the labia majora and labia minora, at the sides of the sexual 
opening, and of the clitoris. The kibia majora are two external 
folds of skin, and are equivalent to the two halves of the scrotum ; 
the labia minora are two smaller internal folds, and are not always 
present. The clitoris possesses erectile tissue and a glans, and is the 
equivalent of the penis. The clitoris may sometimes (as in Ateles) reach 
a considerable size, and be perforated by the urethra (Rodents, Moles, 
Lemurs). In such ca.^es of perforated clitoris, there is, of course, no 
common urogenital sinus. Morphologically, the female genitalia 
represent an earlier stage of development of the male organs, which, 
in the cases of the so-called hermaphrodite formation, may in con- 
sequence of arrest of development preserve a more or less female 
structure. As a rule the two sexes are easily distinguished by the 
different form of the external genei-ative organs. Frequently there 
is a marked dimorphism in the whole external appearance ; the 
male being larger, having a different hairy covering, being pos- 
sessed of a louder voice, and provided with stronger teeth or special 
weapons (horns). On the other hand, the milk glands, which are 
situate in the inguinal region, on the abdomen, and on the thorax, 
and which almost always project into teats or nipples, are rudi- 
mentary in the male sex. 

The breeding time (rut) is usually in the spring, rarely towards 
the end of summer (Ruminants), or even in the winter (Sus, Carni- 
vara). An important phenomenon, which accompanies the rut in 
the female, and is independent of copulation, is the passage of one 
or more ova from the Graafhan follicles of the ovary into the 
oviduct. The ova of the Mammalia were first discovered by C. E. 
von Baer. They are extraordinarily small {^jj to y\^ line in diameter) 
and are surrounded by a strongly refractile membrane {zona 
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Fig. 679.— Diagramatic fignres illastrating' the formation of the foetal membranes oi a 
Mammal (after Kolliker). a, Ovimi with first mdiments of embryo; 6, Ovum with 
yolk-sac and developing amnion ; c, Ovum with amnion closing and developing allantois ; 
rf, Ovum with villous serous envelope, embryo with mouth and anus ; c, Ovum in which 
the vascular layer of the allantois is applied to the serous envelope and has grown into 
the villi of the latter, yolk-sac reduced, the amniotic cavity is increasing; D, Zona 
radiata ; D', Villi of zona ; Sh^ subzonal membrane (serous envelope) ; &, Villi of sub- 
zonal membrane ; Ch, Chorion (vascular layer of Allantois) ; Chz, Chorionic villi (con- 
sisting of chorion and subzonal membrane) ; Am^ Amnion ; Ah^ Amniotic cavity ; 
E, Embryo ; -4, Embryonic thickening of the external layer ; If, of the middle layer ; J",. 
of the inner layer ; D«, cavity of the embryonic (blastodermic) vesicle, later of the yolk- 
sac (umbilical vesicle) ; 2>A, Intestinal cavity ; Dg, Umbilical stalk ; Al, Alia. 
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peUucida), round which a layer of albumen is often deposited in the 
oviduct. 

The fertilization and total segmentation * of the ovum always take 
place in the oviduct (Fallopian tube). Amnion and aUantois are 
present in Ma/mmalia, In the uterus the ovum acquires a villous coat 
{chorion), derived from the original zona and from the subzonal mem- 
brane (so-called serous envelope), which is developed within the zona. 
It becomes attached to the uterine wall by means of the chorion (fig, 
679). Later on, the peripheral part of the allantois also becomes 
applied to the chorion, and, as a rule, penetrates with its vessels into 
the villi (secondare/ chorion), so that there is developed a relatively 
large surface, permeated with branches from the foetal vessels, 
the blood of which is in intimate endosmotic connection with the 
blood of the uterine wall. This connection of the allantois and 
chorion of the fcetus with the uterine walls gives rise to the Placenta, 
by means of which the nourishment and respiration of the foetus are 
provided for in the body of the mother. The placenta is wanting 
only in the Monotreniata and Marsupialia, which, therefore, are 
known as Aplacentalia, as opposed to the rest of the Mammalia, 
which have a placenta, and are called Placentcdia, The placenta 
presents great variations in the individual orders, in its special 
development and in the mode of its connection with the uterine walls. 
Either the villi of the placenta are loosely connected with the 
uterine walls, and sepai*ate from the latter at birth (Adecidtiata), or 
they become so intimately united with the glands of the uterine 
mucous membrane that the latter comes away with the embryo at 
birth, as the decidua or after -birth (JDecidiiata).^ In the first case 
the allantois may grow completely round the ovum, and the villi be 
numerous and uniformly distributed over the whole chorion {diffuse 
placenta of Ungulata, Ceta^ea), or be aggregated in special places, 
forming small tufts, the so-called cotyledons (Ruminants). In the 
other case, the placenta with its villi is confined either to an annular 
zone on the chorion (PL anmdaris, or zonary placenta of Carnivwa, 
Pinnipedia), or to a discoidal area {discoidal placenta of Man, 
Apes, Rodents, Insectivores, Bats). 

* [According to Caldwell's recent discovery, which was communicated to the 
British Association at Montreal in September of the present year (1884), but 
of which no details have as yet come to hand, the Mcmotremata are oviparous 
and their ova meroblastic] 

t [For a fuller account of the structure and development of the various kinds 
of placenta, the reader is ref eiTed to Balfour's Comjiarative JSmbrt/olof/y, vol. ii., 
p. 193.] 
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In the fcetus, respiration is effected thi-ough tlie placenta, nad the 
lunga are functionless. In correspond ence with tliia the circulation 
ofthefuitii*diiiersfronithat of the animal after bii'th (tig. 680). Pi'om 
the heart the blood is driven into the descending aorta, which sends 
off behind two liirge vessel.s to the placenta (uinbilioal oi- aUanloie 
■ arteries). The blood, returning from the placenta in the allantoic 
vein, passes in great part throngh a connecting veHsel (dtictiia vejumts 
Arantii) into the 
inferior vena cava, 
and thence in part 
passes into the 
rigiit auricle, but 
the greater part 
pisses, in con.se- 
quence of a special 

ogement of 

es, directly into 



the left 



H'icle 




iTDun C&mUrl . Cr, cxlemal CaroUd ; 
BabclKviui artoty: I, 3. a.i,s, tlie 
iteui left aortic uroh Is not viaihlo ; 



thi-ough an opening 
in the iaterauricu- 
kr septum, called 
the foramen ovak. 
The blood which 
i-eiiches the right 
ventride paases 
thi-ough a vessel ^ 
(ductus arteriosus 
Bolalli), connect- 
ing the pulmonary 
ai-teiy with 
aorta, directly into 
the systemic car- ^J|^^™ 
culatiou, except a L. Live 
small portion which ' '^ •■ > 

goes to the lungs. From this condition of the circulation, it results 
that all the arterial vessels, eiccept the allantoic vein, contain mixed 

An remains of the hrat stage of the circulation before the develop- 
ment of the placenta,, the ompkaJnmeneiiiic vessels — an artery and a 
vein— which belong to the umbilical vesicle, still persist. 

The duration of gestation depends on the siise of the hnily anrl the 



Artorj: O, Omphslomeieriiu 
(ollfttiiote) ttrtBiies wlUi thsir 
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inal vein ; B, Dootnfi venoaas 
Jr. Aiygrn Vain ; P, LuiigB ; 
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stage of development at which the young are born. It is longest 
in the large terrestrial, and the colossal aquatic animals (Ungylatay 
Cetacea), which live under favourable conditions of nourishment. 
The young of these animals are so far advanced in their bodily 
development at bii-th, that they are able to follow the mother (to 
a certain extent like prcecoces). The period of gestation is relatively 
shorter in the Camivora, the young of which are born naked and 
with closed eyes and, like cdtrices, are for a long time completely 
helpless, and need the care and protection of the mother. It is, 
however, shortest in the aplacental Monotremes* and Marsupials. 
In these animals the young, which are born at a very early stage (in 
the Kangaroo they are no larger than a nvit), pass into a pouch 
formed by cutaneous folds in the inguinal region, and here adhere 
firmly to the nipples of the mammary glands. In this pouch, as in a 
second uterus, they are nourished by the secretion of the mammary 
glands, which assume at this early stage the nutrient function of the 
absent placenta. The number of the young, which are born, also 
varies very greatly in the different genera. The large Mammaliay. 
of which the period of gestation is longer than six months, as a rule 
bear only one, more rarely two young ; but in the smaller Mammals 
and some domestic animals (Pig) the number is considerably larger, 
so that twelve to sixteen, or even twenty young may be bom at one 
time. The number of teats on the mother usually indicates the greater 
or smaller number of the progeny. 

Many Mammals live a solitary life, and pair only at the breeding- 
time ; they are principally such carnivorous animals as find their 
subsistence by hunting in definite hunting grounds, like the Mole 
in its subterranean passages. Others live united in companies, in 
which the oldest and strongest males frequently undertake the care 
of protection and leadership. Most Mammals seek their food by day. 
Some, e.g., the Bat, leave theii* hiding places in the twilight and at 
night. Most Camivora and numerous Ungulata also sleep in the 
daytime. Some Rodentia, Insectivora, and Camivora fall, during 
the cold season of the year when food is scarce, into an interrupted 
(Bear, Badger, Bat), or continuous (Dormouse, Hedgehog, Marmots) 
winter sleep in their hiding places which are often carefully protected, 
or in nests formed in the earth. During this time the temperature 
is lowered, the respiration is less active, the heart-beat is slowed, and 
they take up no food, but consume the fat masses which were stored 
up in the autumn. The following animals are known to migrate : 

* Vide note on p. 290. 
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the Reindeer, the South American Antelopes, and the North-American 
Buffalo, the Seals, Whales, and Bats, but more especially the 
Lemmings, which migrate in enormous herds from the northern 
mountains southwards to the plains, are stopped by no obstacles on 
their journey, and even cross rivers and arms of the sea. 

The intellectual faculties are more highly developed than in any 
other class of animals. The Mammalia possess the faculty of 
discrimination and memory; they form ideas, judgments, and 
conclusions; they exhibit affection and love to their benefactors, 
dislike, hate, and anger to their enemies; each individual has a 
definite character. Further, the intellectual faculties of Mammals 
are capable of being developed and improved, but to a relatively 
small extent on account of the absence of articulate speech. The 
more docile and intelligent of the Mammalia have been chosen 
by man as domestic animals, and in this capacity have played 
an important and indispensable part in the history of civilisa- 
tion (Dog, Horse). Instinct, however, always occupies an important 
place in the life of Mammals. It leads many of them to construct 
spacious passages and ingenious nests above or below the earth, in 
which they rest and bring up their offspring. Almost all Mammals 
make special places for their brood, which they often line with soft 
materials ; some even construct true nests, like those of birds, of grass 
and stalks on the earth. Many of those which inhabit subterranean 
holes and passages store up winter-provisions, which they consume in 
the sterile season, sometimes only in autumn and spring (winter- 
sleepers.) 

OeograpMcal distribution. Some orders, as the Hodents and 
Bats, are represented in all parts of the world. Of the Cetacea 
and Pinnipedia most species belong to the Polar regions. In 
general, the Old and New Worlds have each their own fauna. 
The mammalian fauna of Australia consists almost exclusively of 
Marsupials. The oldest fossil remains (lower jaw) of Mammals are 
found in the Trias (Keuper Sandstone and Oolite, Stonesfield 
slate) and are probably Marsupial. But it is not until the tertiary 
period that the mammalian fauna presents a rich development. 
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Order 1.— Monotremata.* 

Tksjaics ara flmtgated to Uk form nf a Uak ; t/n/ent are short, fim- 
toed, wiul /urriMed joii/t strong alaws. Marsupial bime» and « claacn. 
are present \OvipaTov^ ,'t with msi-ohlastic iwrtm.] 

The mofit importimt character uf tlie Moiiotremes is the pre;ieiice 
of A cloaca. The dilated end of the I'ectnm i-eceiveij the openings of 
the genenitive and tudnary ductd (tig. HTSct), In addition to this 
character we iuu!<t mention the simple condition of the female 
generative oigana, the absence of teeth in the jaws, the possession 
of a lai-ge coracoid, and the slight development of the corpus 
oallosum. 




The foiTD of the body and the mode of Hfe of the Monotremes J 
pni-tly recall the Anteaters and Hedgehog (^Echidna hystrix, fig. 681) I 
and partly the Otters and Moles {OmifJiorhj/Tichtta) ; in fact, Or~, } 
nilhorkynckut received the appropriate name of "Watennole" fpooiil 
the Anetralian settlers (fig. 682). EcJiidna is covered with strong- 1 
wpines, and possesses an elongated edeatnlous snout, with a venni- 
foi'ai, protrusible tongue. The short five-toed legs end with powerfal, J 
scratching claws, which are excellently adapted for rapid burrowing, ' 
Omithorhynchiis, on the contrary, has a close, soft fur, a flattened.^ 



• Tt. Owtn, Article '' Monotrcniata," 
vol. iii., 1843. 
t Vide note on p. aSTi. 
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body, and, as in the Beavers, a flat tail. The jaws, like the beak of 
a Duck, are adapted for burrowing in mud, but are armed on 
both sides with two horny teeth, and are surrounded by a horny 
integument, which, at the base of the beak, projects in a peeuliai- 
manner, so as to form a kind of shield. The legs of Omithorhynchtis 
are short; the five-toed feet end with strong claws, but are also 
furnished with very extensible webs, and are, therefore, equally well 
adapted for swimming and burrowing. Both sexes have, like the 
Marsupials, in front of the pubis the so-called marsupial bones, 
which in the female Echidna support a pouch. The testes remain 
inside the body cavity {i.e., do not descend into a scrotum). The 
males in both the genera possess a hollow spur on the hind foot, 
which receives the duct of a gland, to which for a long time poisonous 
properties were erroneously attributed. It appears more probable 
that this spur serves only as a stimulant during copulation, since it 
fits into a pit in the thigh of the female. The embryos * are born at 
an early stage, and in Echidna pass into the marsupial povich of the 
mother. On the abdomen of the latter there are two mammary 
glands, which are without a projecting nipple. Fossil remains are as 
yet unknown. 

Ornithorhynchufi 2faradox7(fi Blumb. , The Duck-bill Platypus, Australia and 
Van Diemen's Land ; Echidna hystrix Cuv., in the mountainous regions of 
south-east Australia ; E. sctosa Cuv., Van Diemen's Land. 

Order 2. — MARSUPiALiA.t 

Mammalia with various dentition, with two marsupial hones sup- 
porting a marsupial pouch, which encloses the teats of the mammary 
gla/nds. 

The principal characteristic of the Marsupials is the possession of 
a sac, or pouch (inarsupium), which is supported by two marsupial 
bones (fig. 683), encloses the teats of the mammary glands, and 
receives the helpless young after birth. In the absence of a placenta, 
birth, as in the Monotremes, takes place at a very early stage. Even 
in Macropits giganteus, the males of which attain almost the height 
of a man, the period of gestation does not last more than thirty-nine 
days, and the embryo at birth is blind and naked, its extremities are 

* Vide note, p. 296. 

t R. Owen, " Marsupialia," in Todd's Cyclopiedia of Anatomy, vol. iii., 1842. 
G. K. Waterhouse, '* A Natural History of the Mammalia," vol. v., " Mai-su- 
pialia," London, 1846. 
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scarcely visible, imii it is not much more than an iach in length. 
is placed in the pouch by the mothei*, sucks iirmly on to one of t 
two or three teats, and remains in the pouch for eight or nine montl^ ^ 
In then.' external appearance, in their mode of noiirishment, and } 
in their habits, the Marsupials differ extraordinarily from each other. J 
Many of them are herbivorous, and in their dentition approach t 
Kodents or the Ungulates ; others are omnivorous ; others, like ti 
Cumivora, prey on Insects, Birds and Mammals. In thei 
appearance and mode of locomotion they repeat a. aeries of types o£ 'I 
diffei«nt mammalian orders. The Wombats represent the Bodenta, [ 




(afur Gesonbaur); Oc, OTary; T, Oridaotj 
UtemBi 0, MouUi orsteriu; T, Vseinnj 
Ceecuoi nf vagina ; Ur, 'Dreler i H, Driiuiry fl 
liltulder; M, opcnina °t bladder into the nn- f 
geiiitftl rinuB IS), b, Bifid penia Df Diielfhti 1 
jyiidmiin- (after OCtn, from GBBBrhaur)i E the two 1 

the Heet Kangaroos, which move by huge bounds, coiTespond to the I 
Ruminants, and represent, in a cei'tain degi'ee, game, which is absent J 
in Australia. The flying Marsupials {Pf.tuurii») resemble the flying J 
Squin-els (Ptei-onti/s) ; the climbing Phalangers (Pfialangitta), 
theu" shape and mode of life, recall the Lemurs {Lemur) ; while 1 
others, as the Feramelidce, show a likeness to the Shiews (i'on'eirftB) 1 
and Insectivores. Finally, the carnivorous Marsupials approach in i 
their dentition to the true Cm-nivora as weJI a« the /mectivora, to ] 
which they scarcely yield in the large number of their small incisor ■ 
teeth and tubereulated molarr^. 



# 
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The female generative organs frequently present racemose ovaries ; 
the two oviducts are prolonged into two completely separate uteri, 
which are followed by the peculiarly formed and likewise double 
vagina (fig. 684a) ; the two vaginaB are united at the point where 
they receive the openings of the uteri into a common portion, which 
gives off a long caecal diverticulum, usually divided by a septum. 
From this part arise the two vaginal canals, which curve round and 
open into the urogenital canal. Since the external opening of the 
latter coincides more or less closely with the anus (the two openings 
are surrounded by a common sphincter), the Marsupials may be 
said to have a kind of cloaca. The penis ends as a rule with a bifid 
glans (fig. 6846), corresponding to the double vagina of the female. 

Most Marsupials live in Australia, many also in islands of the 
Pacific Ocean and the Moluccas; Didelphys in South America. In 
Europe they are wholly absent at the present time, though they 
were distributed there in the tertiary period. 

Tribe 1. Olirina (Rodent-like Marsupials). Unwieldy, heavy 
animals of the size of a Badger, with close soft fur, with Rodent 
dentition, short limbs, and rudimentary tail. The rudimentary 
inner toe of the hind foot alone is without the curved claw. 

Farn. Phascolomyidae. Dentition l. c. p.m. tn. . PhascolomyH Wombat 
Per. Les. (fos.wr), Van Diemen's Land and New South Wales. 

Tribe 2. Macropoda (Jumping Marsupials). With small head 
and neck, weak, small, five-toed front legs, and hind part of the 
body unusually developed. The very long hind legs serve for 
jumping, and are aided by the long tail, the root of which is 
thickened. The powerful hind feet end with four toes with hoof- 
like claws; the two internal toes are united, and the median one 
is very long and powerful. The dentition recalls that of the Horse, 
though the number of incisors in the lower jaw (2) is smaller. The 
stomach is colon-like in shape, the caecum is long. They feed on 
grass and plants. 

Fam. Halmatnridae (Kangaroos). Dental formula i. - c. —Li p. m, m. 

Macropus giganteus Shaw. Great Kangaroo, Hypsiprymnus I'vfescena Gould, 
Kangaroo Rat. 

Tribe 3. Scandentia (Carpophaga). Climbing Marsupials. The 
second and third toes of the hind foot are fused, but the inner toe is 
without nail and opposable. The long tail is prehensile in accord- 
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ance with the arboreal life. With reupcot to the dentition these 
aninrnJe are intermediate between the GliritM and Halmaturida'.. 

Fsm. FbswoUretidn. Bodj stoat, onwicldy. bead thick, ears large, ami 
tail qiiili; ruilimcjitarj". PkaiH'nlaretiii einfrruu Gnldf., Koala. Dentition 
e. ^ i. ' p. «,. I m. * N^w Sontli Wales. 

Turn. PbalangiitidB. Of eleniter furm, witli iirohensile tail, Petannu 

Jlarirenfi'r Demn.: P. pynnuevii D«nin., gnarnply 4 iuohes long; Phalan;iUta 
: P. (Ti-M>rMH,iii) v«lpina De-m. (tip. HBS) ;' P. 
(, New Mouth Wales: TUi'- 
tratuniiL-Tv. 

Tribe 4. Rap&cia (ciamivo- 
roHS Marsupials). The den- 
tition presents the chai-acters 
of thiit of the Insectivo>-a and 
Oariiii'ora. Stomach without 
glandular apparatus. The 
(.■«vuni is but slightly de- 
veloped. Some or 
some jumpers and r 

Fom.Puameltdee fSntomophifaJvn 

ilanditnrilB. With e 
Iffft ani1 iiointuJ snout, 
/n'ri-thvrii. They dig holes in tl 
earth. PemMflin nanuta QeoKe^ 
Ntw tioutli Walaa. 

Fniii. SMyoridn, Native c 
devils, etf. With distinct i 
iiivoi'ouH cbaractcrigtlCB and i 
tail, wliith 

Mnraupial Ant-eater ; Pft(MiM> 
j,e«icillnlii Temm. Bloodth: 
nnd )»iM caruiTorous animal of tl 
dze of anqutrrel, in aciirtainst 
the Weaael (if Soutli and West Australia. P/i. JlavljH'^ Waterh., yellow- 
Mareuiii.^ mouse ; Dunjuiiif riivrn»«a GeoSv., Dentition; *■ 3 "■ j-**- "■ j 
New South Wales : TliylaBinm oynocephalvx A. Wagn., Tasmanian Wolf. 
Pam. mdalphyidai (Padimana), Oiwwums. Dentition: i. jO. j-jp. «», ] 
with tolerahly ^luinl 




tail. Th( 



uet have 



large eyes and cars, and usnally long preheniil 
On the hind foot the inner toe ia oppomblea 
U. vaneritOTa Gm.. BraiU, with C 

I : D. philander L. ; I>. liertigera L., Soiinain, 
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II.— PLACENTALIA. 

I. — Adeciduata. 

Order 3. — Edentata*' (Bruta). 

Mammals with incomplete dentition, usually/ with numerous grinders 
without roots, and scratching or curved claios on the extremities. 

This group which includes but few genera is characterised by the 
relatively low gi*ade of development of all the systems of organs and 
especially by the incomplete dentition, teeth being in exceptional 
cases altogether wanting. Except in the case of a single Dasypod 
the incisors are always absent (fig. 680). When canine teeth are 
present they are small, blunt, and conical. The grinders also are 
weak and of simple structure, l^eing without roots and enamel. 
Many {Vermilmguia and Dasypoda) are insectivorous, others (Z?r«c^y- 
poda) phytophagous. They are all 
sluggish, stupid animals, with small 
brain without convolutions ; they 
climb or dig holes, and at the 
present time only inhabit the 
southern zones. Except the 

African Orycteropus and the genus 
Manis, which lives in Africa and 
Asia, they are all confined to South 

America ^^®" ^^' — ^^^^^ o* Brady pus torquatus. 

Fam. Vermilingaia (Ant-caters). With very elongated, pointed snout, narrow 
mouth, from which the thin, vermiform tongue can be protruded to a great 
distance. The jaws are weak. Teeth are altogether absent, except in Orycte- 
ropus, which possesses numerous grinders formed of longitudinal hollow fibres 
and scarcely of the hardness of bone. The legs are short, strong, and adapted 
for digging ; they are used for scraping up the nests of Ants and Termites. They 
extend their long viscous tongue into the ant-heaps thus broken into ; the 
insects bite firmly hold of it, and by the rapid retraction of the tongue become 
the prey of the Ant-eater. Myrmecophina juhata L. ; M. tetradactyla L., 
(tn mandna Desm.), didacti/la L., South America. Manis y Pangolin ; M, tnac- 
rura Evx\., West coast of Africa; M. hraclnjvra Erxl. and J«faw?ca Desm., 
both found in the East Indies. Orycteropua caj/ensia Geoffr., Aardvark of 
South Africa. 

Fam. Dasypoda (Armadillos). The body is covered with bony plates which 

* Th. Bell, Article *' Edentata," in Todd's •' Cyclop?edia of Anatomy,*' vol. ii. 
1836. 

W. V. Rai)p, '' Aiiatomische Untersuchungcn uber die p]dentateii," TUbingen, 
18r)2. 

VOL. II. 20 
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nre btteui^I in transverse rows on the hack and tail, so as to form a movabUrf 
derota! armour {Sg. R8T). The limbs mi: short, and with their poweiCnl 
iWT&ping claws are well adaptod fur barrowing. Incisor teeth are absent, except 
in Daiffput n'xciiKtiit and in the fossil Cklamydatherium. Both jaws have 
smitl] cylindrical grinding teeth, the number of which varies iu the diDerent 
farms. Thej inhabit South America. Datypa* narrmeiactiit I.., the long- 
tailed Armadillo, with eight to teti bnncls ; D.gigai, with upwards of nhundrei' 
teeth ; Clilimtgdophm-un trjmoatvt. Hurt, the Picbjcioga, in the neigbbonrhood I 
of .Menilozii. 

Fom, BradTpoda (Cloths). With rounded head (Sg. 686) and anteriorly directed ll 
eyes, with vorj long anterior limba and pectoral mammce. The incisor teetli, I 
and Bometimcs also the canines, are absent ; there are three to four grinders in.,4 
each half of the jaw. The large process on the jugal, descending over the liiv 
jaw, ia worthy of remark. The Sloths are excluaivelj arboreal ; they use tha J 
carved clawa at the ead of the two or three doael; connected digits for hanging '1 
on to branches during their strung but alow movements. On the ground they 1 
can only drag themselves along citremely awkwardly and helplesaly. Th« J 



Fio. m.—D^'fpiaaisai. 
body ia coveted with lone am! coarse hair, like dry hay. They live ii 
forests of fioatli America. Bradypua tndacti/tuii Cav, A'l. or three-toed Sloth fM 
Br. terqvatvi Til., Chdfpi,A d!dnrti//t" III., Unau, or two-t'*d Sloth. 



Order 4. — Cetacea.* 

Aquatic Mammalia tnith spindle-shaped body 'which is wit eoneree 
toilh/tair; with Jin-like front limbs and horizontal eaudidfin. 
posterior limhs are absent. 

The Whales repeat the piscine type in tJie form of their body and fl 
ill the firticulation of their skeleton (Fig. (>88). By their whole-J 
organisation they aretnie Mammals with wni-m blood and pulmonaiy J 
respiration, and they are most nearly allieil to the TJngnlaWa, which. 
they approach through the itiirenia. Some species attain a colossal J 

• D. F, Brtohrk'ht. '■ Znologisph-anatomisoh-pbyajologische Unferaiichnu 
iiber die nordisehen Walthiere," I,eipag, 1819. 

D. F. Bschricht og J.Reinhardt. ■' Om Nordhvalen," Kjbbenhavn, 1861. 



si/e, that only wa.tei' can 
carry them, and the se a 
supply them with food. The 
cervical region is not visible 
extemaDy, and the head 
passes directly into the cylin- 
drical trunk, while the caudal 
end develops a horizontal dn, 
in addition to which there 
is often a fatty fin on the 
dorsal surface. Hairs are 
almost entirely ahsent in the 
larger forms ; being only re- 
presented by bristle-like 
hairs on the upper lip, which 
are present during the whole 
of life, or only during the 
imtal period. In the smaller 
species, and in the Sirenia 
there is a sparse covering of 
bristles. On the other han-1, 
there is developed beneath 
the thick leflthery skin in 
the subdenna.1 cellular tissue 
a considerable layer of fat, 
which to a certain extent 
takes the place of fur, and 
serves both to prevent the 
loss of heat and to lower 
the specilie gravity. The 
head is often elongated into 
the form of a snout, and is 
without an external ear. 
The eyes are strikingly small 
and are often placed near the 
angle of the mouth ; the nasa 
ftperturea are shifted on to 
the forehead. Tlie anterior 
limbs are represented by 
short, externally unjointed 
swimming fins, which can 
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only lje moveil as n wlicile. Tlie hind linibn iire wlioUy wanting oa J 
external appendages. 

The ekiill, as compared with the liivge facial part of the head^ I 
which is oFteu elongated like a beuk, is small and often nsymmetrioa^ I 
the right side being the largest. Its bones are separated l^ J 
Mutm-es and loosely connected. The pnrietals ewly fiise with the J 
interparietals to a single bone. The hard petrous bone ren 
isolated from the other part» of the temporal bone. The numd J 
cavity, in connection with the great development of the premax- 
iUaiies, is shifted entirely on to the skull. Extept in the Sireiiia, I 
the nfljsal bones ai-e rudimentary. The jaws aie frequently alto^ J 
gether without teeth. A change of dentition takes place only ia f 
the Sirenia. In the true Cetacea the dental germs are developed in 
fiEtal life; but the teeth either fall out liefore birth (Whalebone I 
Whales), or develope into the permanent teeth (Dolphins), 
the hind limbs traces are only sometimes found, M small bones which I 
are interpreted as the rudiment of a pelvis; in £iilte7ta wiysitoehwfl 
rudiments of a femur and tibia are also present (fig- 688). The | 
single or double nasal apertui* is placed more or less high up on 
skidl, and leads straight down into the nasal cavitiei;, which descenj 1 
a6 & paired, but posteriorly single, nftsal Canal, whioh at the soft p&liite I 
can be shut off from the pharynx by a sphincter muscle. The v 
that the Whale spouts water thi'ough ita nasai apertui-ea lia« been 1 
proved to be erroneous. The expired aqueous vapour eondenaea M 
into a cioud, and gave rise to the illusion that a column of watM, I 
was ejected ft-om the nostrils. The lungs are very spacious ; th^ i 
extend, like the swimming bladders of Pishes, far backward, and play fl 
an essential part in the maintainance of the honKoutal position J 
of the body in water ; the dhiphragm also has a corresponding f 
horizontal position. Saccular dilatations on the aorta and pulmonatyj 
ai'teries, as well as the so-called arterial networks may gerve as aids^l 
to respinition during diving. 

The females beai' a single {the smaller species rarely tiva)l 
relatively far advanced j^ung, which, however, need the care of thttS 
mother for a long time after birth. The two teats of the mammtt'l 
lie in the inguinal region, in the Sirenia on the thoi-ax. 

The Whales usually live together in herds. The smaller epecies-l 
fi-eqiient the coasts, and even enter the mouths of livers. The.'J 
larger species prefer the open sea and colder climates. They siviiall 
with great strength and speed, usually keeping near the surface,! 
The gigantic whalebone Whales, which are entii'elj" without teeth,^4 
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but possess whiilebone on the palate, feed ou small marine animnla, 
niiJibraiichiftte Molluscs and Meduate. The Dolphins, with, their 
uuiiorm cftrnivorona deutition, teed Ou larger tiahes ; the Siretiia, 
which are intermediate, so far as their form is concei'ned, between 
the Whales and Sewls, are herbivorous. Fossil remains me found 
in the older tertiaries. 

Sub-order 1. Oetaoea carnivora (True Whales). Either with 
conical teeth iu the jaws or with whalebone on the palate. The 
nasal apertures are placed on the forehead. The larynx projects 
like a pyramid into the posterior nares. The mammte are placed on 
the inguinal region. The okin is devoid of hairs, and beneath it ik 
a thick layer of fat. The limbe are movable at the shoulder 
joint only; theii' coiiMtituent bones are rigidly and immovably 
connected. 




Drlfikinw detphii {rbgae s 



Tribe 1, Dentieete (Toothed Whales). Carnivorous Whales which 
feeil piincipally on tish, with conical teeth in both or only in one 
jaw. Dentition nHmvphyodouL Head of proportionate size. Nawai 
apertures often united to a single semilunar opening. 

am. DBlphiuldie. Both jaws tvitb similar conical teeth, but not always 
iLti dlnng tbcir whole lenjjtli. Naaal apertures united to a semilunar 
Bpiraele. PIuiaifHa oeminnnis Lhs9., Comninii Porpoise, fnnr to five feet lonfr, 
sscGuda the months at rivers, lives on Fishes. European seas. Sclvr/u 
(D'-hihinaptrniii) levena Gray. White Fisli ; Gl"hioiii-p7wl«i ijb-bifvpi Cuv., 
IJliii;k Fi»h, Korlh Atlantic Ocean ; Oel^himu dslphin L., Cominan Dolphin 
Cfi?. B88). 

Fam.Monodontia»(Sarwhii.ls). 0pper jaw with only two anteriorly directed 
teeth which in the female are nmall ; but in tlie male one of them, (usually that 
o.f the left side) becomes a colossal, spirally groove^ tusk. The other small 
teeth of both laws fall out early. J/uBorfiin nwittiperof L., Narwhal, North 
Polar Sen. twenty feet long. 

ni. HTperoodontidw. With elongated beak-like snout, only one or two 
fully develupeii teeth on each side in the lower jaw. Facia! bones, especially 
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prEeiniuOlBries, ofteu asTminetricdL Spirscle ftemiliiDBr. BijiHTuiiieii biilent I 
Flem., more than twenty feet iong, Nortb Atlantic Oceuu. 

Fh^u. CUodmitidn—Pbyieterida (Spenn-wbulea). Head of enurniQus 
heing one third of the length of the body. Swollen to the eitreinitjby tlie | 
liceumulation of fluid fat (Bpermaceti). Upper jott without teeth. Ricai I 
oF the lower jaw applied tii one another and uriued with a row of conical 1 
teeth. Spiracles separate. Tliej live on Ceptialopoda. Catedtm warrixxphahtt^ 
Luc., Cachelot. forty to sixty feet long, North Sea; Phi/seter tvrtio Qray.r 
North Atlantic Ocean. 

Tiibe 2, Uyatioete (Whalebone Whales). Head very large, jaws 
without teeth, with whalebone (fig. 673). (Esophagus narrow; 
spii'acleS separate. \ 

Fam. Balsenidee. Cefai-ru of considerable size, with enonuoua head, wide 
slit-like mouth without teeth, and doable nasal openings ; with very email eyea 
near the angle of the raouth. Ti>-o raws of horny transverse plates, frayed out 
at their lower edges, arise fi'om the juilate and np]>er jaw. These are tlte 
whalebone plates. They project vertically into the mouth, are closely packed 
together one behind the otiier. and decrease in size anlerioriy and posteriorly 
They form, a kind of sieve, which when the huge month is closed retains the 
small Mcdvt^B, Nudibranchs. etc., which are taken in with the sea water, while 
the water flows (int. Baltrniiptera, Rorquals ; B. riittrata Fabr., North Sea ; 
Bttl/Boa wgntiegtiu. Greenland Whale, reaches a leiifjih of Bixty feet. 

Sub-order 3. Cetacea hsTbivora, Sirenia. With thick, Rpm-sely 
bristled skin, swollen lips, and anteiior nasal apei'tures, with 
pectoral mn.imnie. The large fins are movable at the elbow joint, 
and end like hands with traces of nails. Neek distinct. Dentition 
and internal organisation approximate to those of the Ungulates. 
The inciBoi-a are replaced. The grinder.-; have a flat crown, and are 
always well developed in both jaws. There are no canine teeth. In 
the Dugong there are two titsk-like iucisoi-s in the upper jaw, while 
the lower incisors fall out early. They feed especially on fnci and 
seaweed on the sea coast. 

Fam. Sirenia. Naaal openings placed fur fi.irward. Jdanatiin AiieCi 
Tils., Amerioan Manatee. Found at the months of the Orinoco and Amazon ; 
3f, lenegaleittin Desm., African Manatee; llalir^arr indiea Desm., Dugong, 
Indian Ocean and Ked Sea; Rhi/fbia Stellrri Cuv., Steller's Sea-oow, 
extinct. 
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Order 6, — Perissodactyla (Odd-toed Usoulates).* 

Large Vngulaleg usucdly of -wmineldy build ; the middle digit w more 
developed than the oOiera. The gtomac/t is simple and the aeoam ig 
very large. The dentition ia umally complete. 

In the earlier tertiary times the TJngulatee were already a well- 
defined group, the amaller species of which preaented approxima- 
tions to the Inaeetivora {Microdioerus) and Rodents. The Ungviala 
are either herbivorous or omnivorous. The dentition ia highly 
differentiated ; the gi-inders are traversed by folds of enamel, with 
transverse ridges and short tubert-lea, which are ususdly worn down 
to an. even, masticating surface. Large chisel-shaped incisors, which, 
however, may fall out or in the lower jaw be completely absent, are 
often present. There is always a gap between the incisors and the 
pnemolars. The canines are often absent, or only present in the 
upper jaw, principally in the males, and then are transformed into 
tusk-like weapons. Even when both upper and lower canines are 
present, they have this aigniiicance, and are much larger in the 
male sex. 

Among the many differences which the Ungulates present in 
their whole organisation and mode of life, the difference in the 
number of hoofs (which corresponds with that of the toes) was 
held to have a special value, and accordingly Multi ungulates, 
Bi ungulates, and Uniungulates were distinguished as separate 
orders. This division was, however, by no means a natui'al one, 
since it led not only to the union of widely divergent forms as 
Multinngulates, but also to the separation of the Uniungulates and 
Biimgolates from their near allies. The progress of palwontological 
knowledge has shown that this division is untenable. Remains 
of extinct forms, which partly fill up the gaps between members of 
the supposed orders, have been discovered. Accordingly the order of 
Multi ungulates baa been recently broken up, and two members of it 
—the Probosmdea and the Hyraooiilea — ^have been placed among the 
Deeidunta; and further, two orders founded upon the odd or even 
number of the toes— a character which h^d already been used by 

• G. CuTier,"RecherGhe9 sar les oBsements fossiles," Thbd udition, Paris, 
1846. 

T. Rymer Jonea, Articia " Pachyderaiata " in Todd's '■ Ojclopffldia," with 
Supplemeut by F. Spencer Cobbold, 1859. 

W. Koivalovsld, " MODOgraphie dea Genua AnthrBCOtherioTi Cut., imd 
Vprsuch einer oatiirlichen Olfissificatiou der fossileu Hufthierc. PaWouto- 
graphicB," 1873. 
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Cuvier — were established ; these are the Perissodactyla (Pachy- 
dermes k doigts impaii*es Cuv., and Solidungula Aut.) with an odd 
number of toes, and the Artiodacti/la with an even nnmber of toes. 
The names do not correspond strictly with the number of the toes 
since there are Perissodactyles — as the Tapir and Eohippus — which 
have four toes on the front feet ; and on the other hand, there 
are Artiodactyles — as Anojylotherium tridactyle, — which have three 
toes on both front and hind feet. But, when applied in a limited 
sense with reference to the number of the pillar-like support- 
ing bones of the middle digit or digits, the names are in all cases 
suitable. In the Perissodactyla the unpaired central digit serves as 
the principal support, which in the Artiodactyla is afforded by the 
third and fourth digits which are symmetrical and similar. In most 
Perissodactyla there are three digits of which the middle one is 
specially strongly developed. The forms which exist at the present 
time are confined to the families of the Tapiridce, the Rhinoceridoi, 
and the Equidce, of which the last were represented as far back as 
the eocene epoch (Anchitherium) by forms which constitute con- 
necting links between the Palceotheridce and Tajnridce on the one 
hand, and the ancestral forms of living horses on the other. 

Fam. Tapiridae. Short-haired Ungulates of medium size, with movable, 

3*3 1"1 4*4 3"3 

proboscis. Dentition : L '—^c — 2).vi. -— . 7n. [-1. The moderately -long 

D'O jL'1 if'O if'O 

front legs end with four (fig. 670 c.^ the hind legs with three digits. Tapir us 

indwiis Desm., East India ; T. amerwanus L., South America. 

Fam. Bhinoceridae. Large unwieldy Pachyderms with one or two epidermal 

1"1 0*0 4*4 

horns on the strongly-arched nasal bones. Dentition : i. — c. — p. m. — 

^ ^ 11 0-0 4-4 

3*3 

''^' V^* '^^^ ^^^^ incisor teeth are rudimentary, and sometimes fall out in old 

age. Rhinoceroses appeared in the miocene, and are also found in the pliocene 
and diluvium of Europe. BJilnoccros javanvs Cuv., Java ; Rh. sumatrensis 
Cuv.; Rh. afrlcaiiv4i Camp.; Rh. ticlwrhhuis Cuv., with bony nasal septum, and 
hairy skin ; diluvial, found well-preserved in ice. Rh. lejytorhlmis Cuv., upper 
tertiaries, in Italy and south of France. 

Fam. EquidsB (Solidungula Aut.). Long-limbed, slender Ungulates of con- 
siderable size. The three- jointed middle digit alone treads upon the gi'ound, 
and its strong terminal joint is surrounded by a broad hoof (fig. 690). The 
second and fourth digits are either present as small accessory digits (in fossil 
horses), or are reduced to the metatarsal (metacarpal) bones (splint bones). 

The dentition (fig. 691) consists of six upper and six lower, large chisel- 
shaped incisors, which are arranged in a curved line, and are distinguished by 
the transversely oval pit on their biting surfaces. Canine teeth are as a rule 
present only in the male sex in both jaws, and are small and conical. 

In the fossil forms there are seven grinders on each side in each jaw ; in the 
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recent species of the Uquida the number is reduced to six, but there is a small 
tooth in front of the first premolar which soon falls out (Wolfszahn, Bojanus). 
Fossil] forms first appear in the eocene ( Orohippm still with a rudimentary 
fifth digit, as well as the three other digits which rested on the ground, and 
Anchitherivm). They persisted in the miocenc and pliocene (Ilipparion) and 
then pass into the diluvial genus Equv^i, to which the domestic horses of the 
present day belong. AnchitherluM Dumasii Gerv. Feet with three digits, middle 






A 

Fig. 690.— Pedal skeleton of different genera of Equidce (after Marsh), a, Foot of Orohippua 
(Eocene); 6, Foot of Anchitherium (Lower Miocene ; c, Foot of Hipparion (Pliocene) ; c?, 
Foot of the recent genus Equus, 

digit large, remains of fifth metacarpal on the anterior limbs. The grinders arc 

7 r -i'^ 3'3 n 

-Xp.m.j-. "'• o;^. I Jlipparion f/racileKp.^mloccne. Of the seven grinders, 

the anterior is a simple prism with a semilunar transverse section ; it is lost 
with the milk dentition. Bquns cahallm. Foot composed of one digit, with 
remains of metatarsals (metacarpals) of second and fourth cMgits (splint 




Fig. G91.— Skull of Equiu cahallm. 



bones); grinders are i?. w. 



with remains of an anterior heventh 



3-3 3-3 

grinder in the milk dentition. This genus is only known in the domestic 
state, but is probably descended from one or several of the species of horses 
which lived in the diluvial period. Aslmis tcsiiiopus Heugl., the wild ass of 
South-East Asia, the ancestral form of the domestic ass {E. aMnu^t); 
A. hemwmis Pall., Dziguetai ; A. o/iaf/e)' Pall., Kulan, Mongolia. The African 



OiJer T).— AitTioDAOTVLA (Paridiuitata). 

Cngulateg loith jiaired digitg, of wAicA tite two outer t 
rudAonetUary, the tim middle of equal size and rest on t/ie grownd! 1 
often widioat canine nitd tncUor teeth in the upper jaia ; ffrinders I 
edways wttiifokU of enamel. 

Some of the Artiodactyla are unwieldly and heavily built, some arft 1 
slender and grateful animals, sometimes with short, sometimes with T 
long lim.bri ; the fcmnei- with thick naked i^kiii and a coveiing of stiff 4 
bi'istles, the latter with a thick fur. They walk mainly on the I 
third and fourth digits, which are always lai'ger than the two J 
external digits, and touch the gi^ound with their hoofs (fig. 670 e d). ' 
The second and fifth digit-s, when present, may also take part in I 
supporting the body, Imt are nsually rudimentary, placed behind, ] 
and do not reach the ground ; they may be reduced to the remains.'! 
of their metatajiiah! (metacarpaln), and not be visible ae extamal 1 
digits ; this ia the case with both of them in Anoplot/terimii and with I 
the external one in the posterior three-toed limb of Dicoti/les. 

The animals belonging to this order may be arranged in. two ( 
series : — ^the PackyderimUa and the Jtiimiitantia. The Artiodactyla . 
were represented in the older tertiariee by forms, which with ] 
the Palieotlieridee, and perhaps descended from the same source 
the latter, wei'e the forerunners of the Suidie and the Ruminants. 

Sub-order l.Artiodactylapachydennata. With complete dentition^ J 
always with canine teeth and simple stomach. The metatarsal I 
bones of the middle digits are never ankylosed. 

Fam. AuDplDthetidK. Dentition with all ttree kinds of teelh which s 
arranged in a continoous row (i.c, without diastema). Aiinjilatlifriiim co 
mum- Cav. Fosail. 

Fam. Bnidse * (Setigera). With cloee covering of bristles, and a shati I 
proboscis- like enont. The dentition (fig. fi92) inclades ail the Muds of t«Eth,rl 
bat the rows of teeth are not perfectly continuous. The 4— ti 
placed in an obliqucl;^ horiiontai position, and fall out in old age. Canines l 
usually much elonffated and triangular, and in the male as powerfol weapons- J 
(tusks). There arc 6 — 7 grinders with folded enamel in each ja,w (on 
aide). Only the two middle d^its rest on the ground, while the Bmaller ei 
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re jilacnil behind (fig, ("(I u). Phi<i-iifhir:rii~ irthmpicHs Cuv.. 
iFart-hog, Koath Afi'icn ; Ph. JSliaHVn Riipp. (5w* afrioaiiua L.), found firon 
a to Guinea; Pnivua bahyrvtta L, The Babyrusaa, Moluccas; 
aitylei, Pectiariea. D. twqvatu* Cur.; D. labiatui Cuv., America. ; Petatae 
' a/rioanui Schrub, (lareatv* ¥r. Cut.)i South- West Africa ; Sun ciin^Mev* 



1-1 



3-3 



?all. iS. terofa L.), Wild Fonr. IJentirior 

lis widely diBtributed from 
Indin t<i Western Euiopf 
and North Africa. la the 
ancestral stock of a grcwt 
number of races of niir 
domeBtie ]iig ; thongh on 
the other hand the jiigs 
of China, Cochin-china, 
and 8iam, and the Nea- 
politan, Hungarian, and 
Anibtlueian pigs, the amall 
Biindtner pig and the Feat 
pig froni the more t 

eolithie) of 

ved (Nalhusiiis) fi'om a special aaccatral 
species (S. indiciu), which is not kuowii with certainty iu the wild stBle, but 
is allied to the S. cittattit MiilL Schl. from Java and Sumatra. 

Fam. Obeu. Of unwieldy shape, with laige maBsive head, and bruad 
trancati'ci, iiwnllen snout. Mppopiitaium ampkibiy» h. Dentition : — 




I 



'■ y-2 '' 1-1 ''■ "'■ 4'+ "*■ 3-3' 



Artiodaotyla ruminantia." With incomplete den- 
tition (lig. 633), in 
which the upper in- 
cisors and canines are 
usually not devel- 
oped. On the other 
hiind there are eight, 
Tiirely only wx shovel- 
.sh.iped incisoi-s in the 
lower jaw. The 

general form of the 
'ha.rj,ittei'iBtics. The qua^t- 

* Cf. especially G. J. Sundevall, " Methodische Ueherfiicht fiber die wieder- 
kuuendfn Thiere," 2 Theilc. 1M47. 

Biitimeyer, " Fauna der I'fahlbauten." 

Biitimeyer. " Versuch einer natUrlichen Ciesohichte des Rindes." In deu 
Dpnlwi-hr. dri- Selwfiier nntHiforxeh. GegrUm-h.. Bd. 22 inir] 23. 




grinders aft'ords tolerably constant 
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rangnlar crown has four chief {insmiiieiice!!, which ai'e separate 
by deep valleys, which ai'e not filled with cement, but ai'e sometino 
fuinisheil with small accessory protuberances. The prKraolars I 
arnali, aiiil htive usually only one or two pixitubei-anoes. The mst 
tarsal anil inetaearpal bones are always ankylosej, to form a a 
bone {lig. 670rf). 

The Ruminantia are charaeteiised physiologically and anatom 
by rumination and by the structure of the stomach and dentition whid 
is coiTCIuted with this peculiarity. The food alwayB consists u 
of vegetable substances, which contain only a umall portion of albi 
minons matter, and I 
therefore, be eaten i 
<^uantities. In this relatitt 
the division of labour 1 
t«-een the acquisition i 
reception of food on the 
hand, and its mastication Q 
the other, is an advantaj 
arrangement, which i 
shadowed by the structui 
of the stomach of other Mai 
malia. The animal pliief 
and swallows its food whi 
moving freely from place & 
place, !md chews and t 
catea it when at rest. 
■ act of rumination depeni 
' npon the complicated atro^ 
tui* of the stomach, whi 
is divided into four, more i-arely into three, peculiarly connect* 
divisions (fig. 694). The supei-ficially masticated, coarse food j 
thi'ough the latei-al opening of the (esophageal groove, the lips i 
which are separate from one another, into the first and largest divi 
of the stoma*^— the paunc/i, or rumen (fig. 694flii). Thence it p 
into the smal! reticulum (ff), a small i-onnded appeudiige of the ri 
which receives its name from the net-like folds of its i 
After the food is softened by the secretion which is poured into tid 
division of the stomach, it ascends by a process resembling vomitid 
through the (esophagus into the mouth, and there undergoes a si 
moi-e thorough mastication ; it is then returned in a semi-liquid tax 
through the (esophageal groove, which is now closed by the c 
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together of its lips, into the small third division of the stomach, which 
is called the psalterium on account of the numerous leaf-like folds of 
its inner surface. From the psalterium the food enters the fourth 
stomach — the longitudinally folded rennet stomach, or ahomasunh in 
which the digestion takes its further course under the influence of 
the secretion of the numerous peptic glands. In only, a few cases, — 
in the Java Musk-deer and the Tylopoda (Camels and Llamas) — is 
the psalterium absent as a separate division. 

Fam. Tylopoda. Kuminants without accessory digits, with a callous sole 
covering all three phalanges behind the small hoofs. The prjemaxillaries bear 
two, in the young animal four or six incisor teeth, while the number of the 
lower incisors is reduced by two. There are also strong canines in both jaws. 
There is no separate psalterium. AucJicniaff lavia L., Llama ; A. huanaco 
H. Sm. ; A. Alpaco Gm. ; A. vicugna Gm. All on the west coast of South America. 

Cavieluft (Irmnedariiiii L., Dromedary, Grinding teeth, -; C. hactrlanus L. 

o 

two-humped Camel of Tartary, Mongolia. 

Fam. Devexa = Gamelopardalidae, Giraffes. With very long neck, long front 
legs ; the hind legs are much shorter, and, therefore, the back slopes backwards 
Catnelopardalh gu'affa Gm., wooded plains of Central Africa. 

Fam. MoBchidae. Smail, slender Euminants, without horns, with tusk-like, 
strongly-developed upper canine teeth in the male. The male has between the 
navel and the penis a glandular sac, in which strong-smelling musk accumulates. 
Moachns vioschiferu.s L., high mountains of Central Asia, from Thibet to 
Siberia ; Tragidus javanicna Pall., without musk-bag. Island of Sunda. 

* 

Fam. CervidsB (Deer). Of slender build, with horns in the males, and two 
rudimentary digits. In almost all cases there is a brush of hairs on the inside of 
the hind foot, which affords a good means of distinguishing deer from the 

antelopes. Upper canines often present in the male. Grinding teeth : — - 

o 

The horns, which, except in the Reindeer, are confined to the male, are of 

systematic ^importance ; they are solid dermal bones, which are attached to a 

bony process of the forehead, and are detached at regular periods from the 

thickened circular base, cast off, and renewed. They feed on leaves, buds, and 

shoots. The females have four mammae, but usually bear only one young. 

Australia and South Africa only are without Cei'vidw. Fossil species first 

appear in the middle tertiaries. Cervvit capreolus L., Roe-deer; C. elaphus, L. 

Red-deer ; C. eanadensh Priss., North America ; C. campeatris Cuv. ; Datna xuU 

garis Brook, Fallow-deer ; Mcgaccros Inbernicus Ow. {evryceroa). extinct Irish 

elk of the diluvium ; Alccf< palmatux Klein =» C. alces L., Moose or Elk, in North 

Europe, Russia, and North America : Bangifer taraiidvs H., Sm., Reindeer, 

antlers in both sexes, with numerous broadly-projecting prongs ; they are used 

as beasts of burden, and for draught and riding, by the Laps. 

/» 

Fam. Gavicoriiia. Without canine teeth, with - grinders and hollow horns in 

6 

both sexes. All are gregarious, and most polygamous. 

Sub-fam. AntilopinaB. Antilope dorcam Licht., Gazelle, Africa ; Saiga saiga 

Wagn., steppes of Asia ; Ilippotragiis equimi^ Geoffr., Blaubock of South 

Africa ; H. oryx Blainv. ; H. add ax Wagn., Africa ; Strepsiccros Kudu Gray, 
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Africa ; Buhalh py(i(H'{ia Sundv., Buntbock, South Afi'ica : Catohl('2)(M ffnu-, the 
Gnu, plains of South Africa ; Rupicapra rvjyit'apra Pall., Chamois, Pyrenees and 

Al])8. 

Sub-fam. Ovinse. Ocin ar'wx L., domestic sheep, of which numerous races 
are distributed over the whole earth (German sheep, Haideschnucke, Merino, 
Zackelschaf, Fat-tailed sheep). There was a domesticated race of sheep iu the 
stone age. The Mouflon, O. vmaiman Schreb., and the Argali, 0. argali Pall., 
living in Northern and Central Asia have been often regarded a« the wild 
ancestral species. Capita ^ Goats, and Ibexes. C. thex L., Steinbeck of the 
Alps ; C\ cegagrux L.. Bezoar-goat, Caucasus ; C, Jdrcvs L., Domestic Goat, 
numerous races, distributed everywhere. 

Sub-fam. Bovino. Ovibox woncJmtujt Blainv., Musk-ox of North America; 
Bixon- curopce^is Ow. (improperly called Auerochs) ; B. amer'teanna Gm. ; 
Bubalus huffelus 'L.^lndiSiJi bujffalo ; B. cafferh. ; Ptephagnx gi"unnlen^'L., Yak, 
Thilxit and Mongolia, domesticated; Box gaurvx H., Sm., Gaur, East Indies ; 
B. indicus L., Zebu; B, primigcniu>> Boj., diluvial, lived in Caesar's time in 
Germany (called " Ur " in the Nibelungen-Liede), still preserved in a semi-wild 
condition in Chilli ngham Park. Cuvier regarded them as the ancestral fonn of 
the domestic ox, — B. tavrm L., — and there can be no doubt that the Friesland 
or Holstein ox is to be referred to B. prlmlgenivx. Riitimeyer has recently 
shown that a second species, which existed in the diluvial i)eriod. B. hraclnjctrv^ 
Ow., is to be regarded as the ancestral si)ecies of the domestic ox. 



2. DECIDUATA. 

Order 7. — Proboscidea. 

Midtiu7igidates of very large size, with long proboscis, which 
functions as a j^i^^hensile organ ; with conijyound grinding teeth, and 
tusks in the j^9rrKwiaa;i7/^. 

The thick hide is folded, and is only sparsely covered with hairs. 
There is a tuft of hairs on the tail. The head is short and deep, is 
swollen by chambers in the frontal and parietal bones, and possesses 
a long movable proboscis. The occipital region descends abruptly, 
and almost perpendicularly. The perpendicularly-placed pi*8emaxillae 
with their large rootless tusks, are enormously developed. In the 
Mastodonta there are also two incisor teeth in the lower jaw, which 
soon fall out in the female, but in the male are retained as tusks. 
There are no canines. According to the age one, two, or sometimes 
even three grinding teeth are present in each jaw ; they are com- 
posed of a number of parallel dental plates placed behind one another. 
In the genus Elephas these plates are connected with cement, and 
present on the masticatory surface transverse rhombic spaces, bounded 
by enamel substance. In the Mastodonta the cement is absent, and 
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■e are main miliary prominences on the llla^ti(;llton■ surface, 

Aocoiiling to Oweu, there m-e thi-ee [ii-a-molars, and the siinie nnmber 

of molars. There are, however, never moi-e thim three, usually only 

two grinding teeth above the gum at the same time ; for the hinder 

teeth, which increase in size and number of lamellic, only appear 

k after the anterior have fallen out. At fii-st each half of the jaw has 

I one grinder, behind which a second is soon developed. Later on the 

I front one is worn out, and falls out, and then a new tooth make.t its 

I appearance behind the second. The cylindrical limba end with iive 

I digits, which are connected as far as the small hoofK. The females 

I have a two-horned nterns, and two thoracic mammw. The placenta 

I is aonary. Elephants live together in herds, and inhabit damp, 

I §hady places in the hot parts of Africa and India. They possess 

I great intelligence, and when tamed sre extremely useful animaLs. 

They were used even in antiquity as beasts of liurden in wbi-, and 

jhe chase. 



I 



Fam. Elephuitids. Elepluit iadwHt Cur. The transverse spaces nf the 
molarB in the form of narrow bands, vrith almost pnmllel, linely folded edge*. 
Head very deep, with concave forehead and relatively sinBll ears. Attains a height 
ot ten to twelve feet. Cuylon and India. The Elephant of Snraatra, according 
toTemmink, belongs to a Bpcuial Bpeoles {E. mmatrmHt). E, primigtniHn 
Bluml).. Mammotli. diluvial ; E. (^Lnxiulmiy Afriranju Bhimb. The traunverse 
apaces of the molars are lozenge-shaped and less numerous. Skull leie deep. 
" a very large. Central and Soatli Africa. Ma'ti">i'ii ■lif/a/ifi'iiai Cuv. 
diluvial in North America. 

The miocene genus Dinotherium Kp. i&, ^it«oi'diug to its skull, 
closely allied {and therefore included with} the Proboscidea. Its 
extremities, however, have not yet been found, and tiie view that it 
ia allied to the Sirenia cannot be directly contradicted. In the 
dentition there are no incisors in the pnemaxilla;, while there are two 
large downwardly curved tusks in the lower jaw. Grinding teeth 
-, with two to three i-ows of tmnsverse tubeiTles. IJ. ijii/unteum Kp. 

Eppelsheim. 

The LamaiUlgia are usually sepaj-aled ii-s n distinct (inler, and ai-e 
placed neixr the Elephants. They are small and I'esemhle the Ai/onii ; 
in their dentition they are intermediate between the Rodents and 
Pachyderms, and in the formation of their feet show I'esemblances to 
the Tapii-s and have, therefore, often been placed with the Pachyderms. 
The body is closely haired, the front leet have fonr digits, the 
posterior three, all of which are provided with small hoofs. 



320 MAMMALIA. 

rtoliriib., DftDuin, Dnsay, IluL'k-rabtiit ; If, 'yriafus Wchrcli. (Ki;^. liSfl) ; ]>robalB 
the Coney CHarliau) of the Old Te.itnini'ut. 



Order 8. Bodentja = Glibes. 

With freely niocaWe, elawed dujits. Dentition ii'ilh ' )^^ cAtA 

slutpeii incisorn, iirimhini U'Ifi 
wittwut c 



The Rodentia are a lar^ie gruup of ^mall, iicti\e Mamcialla 
ire easily recognizable bj the dentitiun ^nd stnicture of the t 
The order, neverthel 




transitional to the /wj 
tiima Eodent'iai 
tigrade ummals, 
fieelj movable 
whi(.h aie UMUally am 
with claws, onlj 
Fib, 696.-^,™. ,jT,«n . ^^^ ^^j^^j ^^^^^ ^ 

hoof-like naila. They all feed on vegetalile, usually hard aubsta 
especially on stalks, roots, seeda and fruits Unly a 
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forwards in the longitudinal direction, in correspondence with the 
position of the transverse folds of enamel. Many of them build 
nests, dig out complicated burrows, and lay up stores for the winter. 
The latter usually possess cheek-pouches. Some fall into a deep 
winter sleep at the cold time of the year, others migrate in large 
flocks. They produce numerous young, some of them four or six 
litters in the year, and possess, accordingly, a great number of 
abdominal and thoracic mammae. Uterus usually completely divided; 
placenta discoidal. 

Fam. Leporidae. With long ears, powerful hind legs, and short tail. Den- 
tition : 1 ^iJJ^^) [i ^Jl c. 9:2 p.m. ^'^ m. —1, In the pifemaxillae there 
1 5 L I'l 0-0 ^ 3-3j ^ 

are two posterior accessory incisors {Ihipliridentata). Lepiis timidus L., 
Hare; L. variahilis Pall. Alpine hare; L. runi/'vTus K., Rabbit ; Lagomi/s, Pikas. 
L. alpinus F. Cuv., barely a foot in length, Siberia; L. princeps Richards, 
Rocky Mountains. 

Fam. Subungnlata. Grinders, -. The feet have naked soles, and end in 

4 

front with four, and behind usually with three toes. Cavia apcrea L., Aperea, 

in Brazil and Paraguay ; C. cohaija Schreb., the tame Guinea-pig ; Coelogemjs paca 

L., the Paca, Brazil ; Daanprocta aguti L., the Agouti ; Hydrochwi'^is capyhara 

ErxL, the Capybara, four feet in length, the largest of living rodents. 

Fam. Aculeata. With short, obtuse snout, and spines on the dorsal side of 
the body. Cercolahes preJtenxUh L., the Kuandu, Brazil ; Ercthizon dovHatut 
L., North America ; Ilygtrix crlstatug L., Porcupine, Italy and Spain. 

Fam. Octodontidse. Octodon Cumlngii Beun., Chili; MyojwtamvH coypxis 
Gooff., the Coypu, distribute^ from Brazil to Patagonia. 

Fam. Lagostomidae, Chinchillas. Eriomyg laniyera Benn., the Chinchilla 
Chili ; Lagidium Cuv'teri Wagn. ; LagoHomus trwliodactylng Bi'ookes, Viskatscha, 

Fam. Bipodae. Jerboas. With very long hind legs, which serve for jumping, 

and lai'ge, usually tufted, jumping tail. Jacuhis labradorius Wagn.. HUpfmaus ; 

DipUi< .iEt/yptiitg Hempr. Ehrnb., Arabia ; D. sagltta Schreb., Sea of Aral ; 

Pedcfcg caffer 111.. Cape jumping hare (Springhase), South Africa. 

3 
Fam. Muridse. Mice. Grinders : p. With large eyes and ears, and long 

3 

sometimes nairy, sometimes ringed, scaly tail. Cneetus frumentariwt Pall,, 

the Hamster ; with internal cheek pouches ; constructs subterranean passages 

and chambers, iu which it accumulates winter provisions. It passes through a 

short winter sleep, and is very hurtful to corn-fields. Mkx rattmt, L., House-rat, 

Black Rat ; M. dccnmanvg Pall., Grey Rat ; M. mu.s'CHlu8 L., House Mouse ; 

M. miiiutus Pall, (pendvliniut) ; IlydromyH chvysogaftter Geoffr., Australia. 

Fam. Arvicolidae. Voles. With thick, broad head, rootless gi-inders, short, 
hairy ears and tail. Arvicola amphlhiun L., Water-rat ; A. ar vails Pall., Field- 
mouse ; A. agrvAtla L. ; Hypndrfiva glareoluK Schr. ; Myodes lemniyg 1.., the 
Lemming, on high mountains of Norway and Sweden, known by its migrations 
in immense flocks before the approach of the cold weather. Fihev z'thethinns 
L., North America. 
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Frtd. Qeorhyeliidn, Sjialar typhlv* Vb.\\., Hlinimoune, South East Europe ; 
Qeerhyrhw capennit Pall, 
Fnm. Oaitoridee. Bearers. Qrinder* : -- With flat, ncaled awimming-tBil- 

Two glandular sats which secrete the castoreum open into the jjrepnce. Cantor 
fiier L., the common Beaver. 

Fam. XyoxidEe. Dormice. Connecting links -between the Mice and SquirrelB. 
Myoxus OJi-a Schreb., DormouBe ; Af. {Mii'eaTdinii>) arellanarim L. ; M. 
(^Eliomyt') nitfla Rrhrcb. 

Fam, Bolorldee. Squinels. Grinders ; — -,-- Sciuna ■nilgarit L,, Enrope 

and North Asia ; Tainia/ ttriiit"' h. ; PtiTOmy' volan.' L., Flying Squirrel, 
Siberia ; Spermopbilim CitiUv L,. East Eiiropu ; Aretemyi nuirmete Schteb., 
the Marmot, Alps; A. bobar Schreb., Polan<i. 



Planlii/rade Mamii/als mfii dnweil digits, with comphte dentition, 
small canines, and gharp-pointed grimlera. 

Small Mammals, which resemble in their appeai-ance diiTerent types 
of Eodents, but in structnre and mode of life lead to the Carnivoi-a. 
The head enda with a painted snout, which is often elongated like a 
proboscis. The external ears 
are sometimes large, and some- 
rednced ; the eyes are 
always amal! and reduced, and 
sometimes hidden beneath the 
fur. The dentition (fig. 697) 
is especially important, and re- 

Flfl. 007..— Skull oTSHKaMM rurmirif*. -,-, . i_ . t -i_ - . , 

' sembles that of the insectivorous 

Bats. All the three kinds of teeth are present. The InciforB are 
usually of considerable size, but of variable number. The canines 
are not always clearly distinguished from the incisors and the front 
grinders. The grindei'S are numerous, and have shai-ply-tnbeitulated 
crowns, and are divided into anterior prfemolars, of which the pos- 
terior coiTcspouds to the camassial tooth of the true Camivora, and 
into posterior molars, which are characterised by being composed of 
prismatic divisions. All are plantigrades, with naked solee, and 
usually five-toed feet, armed with strong claws. The mammse are 
abdominal ; the placenta is discoidal. They feed on small animals, 
principally on Insects and Worms, which they destroy in great 
numbers, thereby benefitting man. 
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Fam. ErinaceidaB (Hedgehogs). Back covered with stiff bristles and spines, 
which afford a complete protection to the animal when the body is rolled into 
a ball by the action of the strongly-developed cutaneous muscles. JFh'inaceus 

3 7 r 3*3 0*0 4'4 

europoius L., Hedgehog, Urchin, with 36 teeth : — .1 i. — c, ~- p.m. _ 
^ ' s &» » 3 5 L 3-3 00 ^ 2 2 

3 'ST 
m. - -; I. Digs holes with two exits about a foot deep in the earth and hiber- 

nates. E./osailis Schreb., Oave Hedgehog ; Centetes ecaudatus Wagn., Tanrec, 
Madagascar ; snout elongated like a proboscis. 

Fam. SoricidsB (Shrews). With proboscis-like snout, soft fur, and tail covered 
with short hairs. Peculiar glands on the sides of the body or at the root of the 
tail give the true Shrews an unpleasant musty smell. Cladohates tana 
Wagn. ; Cl. murinus Miill. Schl., Borneo ; Macroscelides typicvs Smith, 
South Africa. Sorex ; with 28 to 33 teeth ; S. vulgaris L., Common Shrew- 
mouse ; S. fodiens Pall., Water Shrew-mouse ; 8. pygmce'tis Pall. Myogale 
moschata Pall., the Desman, as large as the Hamster, South East Russia. 

Fam. Talpidse ( Mol es) . With short, laterally-directed digging feet, soft velvety 

fur, and proboscis . Talpa. Dentition: -..--- ^ fi _L c. — p.m. — 
^ . 4 1 2 4 V 4-4 1-1 ^ 2-2 

4*4 \ 

m. —' — 44). T. europma L., Mole, constructs an ingenious subterranean 
4*4 / 

dwelling, which communicates by a long gallery with the daily multiplying 

burrows which the animal makes in hunting for food. The nest consists of a 

softly-lined central chamber and two circular passages, of which the upper one 

is the smaller, and communicates by three passages with the central chamber, 

while the lower and larger lies in the same plane as the chamber. Five or six 

communicating passages pass from the upper circular passage into the lower, 

from which a number of horizontal passages radiate, and usually curve round 

and open into the common gallery. T. cceca L., the Blind Mole of South 

Europe ; CItrgsochlai'ys inanrata Schreb., Cape Golden Mole ; Condylura 

cristata L., the North American Star-nosed Mole ; Scalops aquaticus L., Water 

Mole, North America. 



Order 10. — Pinnipedia. 

Hairy aquatic Mammalia with five-toed fin-like feety of which the 
posterior are directed backwards ; with complete dentition ; without 
caudal fin. 

The body is elongated, spindle-shaped, possesses four fin-like feet, and 
ends with a short conical tail. The head is very small in proportion 
to the body, of globular shape, with swollen lips, and usually without 
external ears. The surface of the body is covered with a short, but 
close, smooth fur. The short limbs end with broad swimming fins, 
which possess five digits, armed with blunt or sharp claws. The 
movements on land are effected in the following way : the animal 
raises the anterior part of its body, and throws it forward; it 
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employs the two front feet as supports to ^x the body, and then by 
bending its back drags the hinder part forward. In swimming the 
anterior extremities are applied to the body, and are used as rudders, 
while the hind feet sei-ve as swimming fins. 

The dentition, which is usually complete, indicates a predatory 
mode of life, resembling that of the true Carnivora, to which order 
the Pinnipedia are also allied in other anatomical characters, as in 
the possession of a two-horned uterus and a zonary placenta. With 
regard to the dentition, however, there are essential differences between 

the families of the Walruses and Seals. The Seals have -, more 

2 

rarely "^ chisel-shaped incisors, small canines in each jaw, and - -_ 

jagged grinders, of which one or two are true molars. The Walruses 
have a complete dentition only in the young stage ; the incisors, 

which at first are , are soon reduced to . in the prsemaxilla. The 

canines in the upper jaw are transformed into huge tusks, which are 
used when the animal crawls on land to fix the anterior part of the 
body. There are five grinders in the upper jaw and four in the 
lower, with masticatory surfaces which wear away, in course of time^ 
obliquely from within outwards. The change of teeth usually takes 
place during embryonic life. The Seals live principally on fish ; the 
Walruses on sea-weeds, Crustacea, and Molluscs, the shells of which 
they crush with their grinders. 

Fam. Phocidse (Seals). PiimipedcR ^vitll complete dentition, short canines, 

and jagged rr»olars. Ilalivltoernx (jryjyux Nilss.. Utsel. Plioca vitvlina L., 

S 1 5 
Common Seal, * — ^-. ; Ph. grwnlandica Nilss., Northern Seas ; Cyntophora 

2 1 5 

cristafa Fahr., Greenland ; Otavia jubafa Forst., Sea-lion of South America ; 
O. {CallorhinvR) vrsf'mn Per., Soa-bear, (xreenland. 

Fam. Trichecliidse (Walruses). The upper canines are large, rootless, down- 
wardly-directed tusks. The grinders are at first bluntly pointed, but are 
gradually worn down, and eventually reduced to three in each ramus, while in 
the upper jaw there is an internally placed incisor. I'richechvg rosmarvK L., 

Walrus of the Polar Seas. Dentition : — ^- - ^- . 

2 (0) 3 (4) 



Order 1 1 . — Carnivora = Fer.e. 

Carnivoroios Mammalia with predatory dentition, loitkout or with 
a rudimentary clavicle, and with strongly-claioed digits. 

The Carnivora are distinguished from the Insectivora by their larger 
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size, and by their genuine ciirnivorus dentition (fig. 698). The denti- 
tion contains all three kinds of teeth : above and below six small 
incisors with single roots, and at their sides a long, coiiical pointed 
canine tooth ; then a number of grinders, which are distinguished 
into prjemolars {d. spurii), a carnassial tooth (d. sectorius), and 
molars (rf. molar es). We never find prismatic grinders with needle- 
shaped points on the crown, as in the Insectivora. The compressed 
and sharp-edged praimolars are the least developed ; the characteristic 
carnassial teeth are distinguished by the size of their cutting, usually 
two-or three-toothed crown, and often by the possession of a posterior 
bluntly-tuberculated lobe (upper carnassial tooth). The lower car- 
nassial tooth is always the first molar, while the upper is the last 
prsemolar. The true molars have several roots ; they possess bluntly- 
tuberculated crowns, and vary in size and number. The external 
form of the skull and dentition, the high temporal crest of the skull 
for the attachment of 
the large temporal 
muscle, and the marked 
curvature of the zygo- 
matic arch for the 
passage of the same, 
the transverse articular 
cavity (glenoid cavity) 
of th.e tempoi-al bone, 
and the cylindrical ^lo. eos.-Skuii of FeUs Leo. 

articular head of the lower jaw, which restricts the motion of the jaw 
to the vertical plane and excludes lateral movements, — are characters 
which are common to all the Carnivora, and coincide with the form 
of the dentition. 

The limbs end with four or five freely-movable digits, which are 
armed with strong cutting claws (accessory to the dental apparatus), 
and in the front limbs are also used for seizing the prey. Only a few 
Carnivora, as the Bears, are true plantigrades resting the whole sole 
of the foot on the ground; others, as the Viverridcv, only place 
the anterior part of the sole (the digits and metacarpals) on the 
ground; the most agile of the Carnivora, on the other hand, are 
digitigrade, e.g., the Felidm (fig. 699.) The uterus is two-horned, 
the placenta zonary. Most Carnwora have peculiar anal glands, 
which emit an intense odour. The Carnivora are found in all 
parts of the world, except Australia, where they are replaced by the 
carnivorous Marsupials. Fossil remains first appear in the Eocene. 
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Fam. VrBidsB (Bear-like Garni vora). Plantigrades of unwieldy form, with 
elongated snout, and broad, usually quite naked soles, and five digits. Ursns 

3 12 
L., Bear. Of unwieldy build, with very short tail. Grinders • -, -^ -^ 

[3*3 1*1 2*2T 

i.e. p.m. - earfiassial, — m. — I. The front grinders fall out early. 
^ 4-4 11 2-2 J 

(7. maritimvs Desm., Polar Bear, Northern Polar Sea ; U. arctos L., Brown 

Bear ; Procyoti lot or L., Washing Racoon, is wont to dip its food in water, 

North America ; Nasua rufa Desm., the Coatimondi (Riisselbar), Brazil ; 

Cercolepteit catidivolvulus 111., the Kinkajou (Wickelbar), Guiana and Peru. 

Fam. Mustelidse (Marten-like Garni vora). Some are plantigrade (Badger), 

some semiplantigrade ; body elongated, with short legs, and five-toed feet with 

non-retractile claws ; only one molar behind the large carnassial. Meles taxns 

Pall., Badger. Mej^hitis viesonwlas Licht., Skunk (Stinkthier), North America. 

3 11 
Gulo horealis Briss., Glutton ; Mu stela nuii'tct L., Pine-marten, grinders : , , » 

4 11 

M.foina Briss., House-marten ; J/, zibdina L., Sable-marten, Siberia ; Putorius 
jfutorius L. ; P. vulgaris L., Weasel ; P. erminea L., Ermine ; P. lutreola L., 
(Norz) ; Jjutra vuhjarU Erxl., Gomraon Otter; L. caiiadeniiis Schreb., North 
America ; Enhj/dris marina Erxl., Seaotter, West islands of North America. 

Fam. Viverridae (Givets). Body elongated, sometimes cat-like, sometimes 
marten-like in form ; with {pointed snout and long tail, which is scimetimes rolled 
up into the form of a ring ; they are either plantigrade, semiplantigrade, or 
digitigrade. The feet have five digits, and the claws are usually entirely, or 
half retractile. Half the foot, or only the toes, are placed on the gi'ound. 

3 12 

Viverra zibctlia L. Grinders : - - With large srlandular sac between the 

4 12- 

anus and external generatives, in which the oily secretion known as " Givet," 
and used as perfume and for external application in medicine, accumulates. 

V. zivetta Schreb., the African Givet-cat, domesticated in Egypt and Abyssinia ; 

V. genetta L., the Genet, South Europe ; Herpestes ichneuvwn L., the Mongoose 
or Ichneumon (Pharaonsratte), Egypt and South Europe. 

Fam. Canidse (Dogs). Digitigrades, with non-retmctile claws, five-toed front 

3 12 

feet, and four-toed hind feet. Cania lupus L., Wolf. Grinders : - — — . In 

^ ' 4 1 2(1) 

Europe, especially Norway and Sweden, also in Asia ; C. latrans Sm., the 
Prairie Wolf ; C. aureus L., the Jackal ; C. familiar Is L., Dog {cavda .finistror- 
suni recurvata L.). The numerous races, which are known only in the domesti- 
cated and run- wild state, have certainly been derived from more than one ances- 
tral species. C. ruljyes L., Fox ; C. lag opus L., Polar Fox, gray in summer, 
white in winter. 

Fam. HysBEidse (Hynena-like Garnivora). Digitigrades with sloping back 
which bears a mane of elongated hairs. The dentition resembles that of the 
Cats in the small development of the molars, of which there is only one in the 
upper jaw. Hyaena striata Zimra., the striped Hynena of Africa and parts of 

3 11 
India. Grinders o T q- -^T. er acuta Zimm., the spotted Hyaena of South Africa. 

Fam. FelidaB (Gats). Digitigrades of slender build, adapted for jumping ; 
with short jaws, and only few grinders — four in the upper, three in the lower 
jaw. Molars absent, except one small tooth above projecting transversely 
inwards. The canines and carnassials are, however, so much the more power- 
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fully developed. The anterior of the two praemolars of the upper jaw is reduced. 

In walking, the last phalanx of each digit is raised vertically, so that it does 

not touch the ground, and the claws are protected from wear. Felis leo L., 

2 11 
Lion ; grinders, -- - -. I^, concolor L., Puma ; F. tigris L., Tiger, Asia ; F. anca 

^ 1 u 

L., Jaguar, Paraguay and Uraguay ; F, pardalut L., Panther-cat, South 

America; F.jyardtis L., Panther or Leopard, Africa and West Asia; F. cat us 

L., Wild Cat, grey, with stripes, and transverse bars and vertical pupils, 

Central and Northern Europe ; F. manirnlata RUpp., Nubian Cat ; F, dometttica 

L., the Domestic Cat, only known in domesticated state, probably descended 

from several species ; OynaUurus guttata Herrm., and juhata Schreb. (Gueparde); 

F. scrcal L., Serval, Senegal ; Lynj' lynx L., with a tuft of hairs on the ear ; 

L, caracal Schreb., Asia and Persia. 



Order 12. — Chiroptera. 

Maminals toith complete dentition ; with a ftj/ing meinhrane {pata- 
yium) extetuling between the limbs and the aides of the body, and 
between the elongated fingers of the fore-limb; with two tlwradc 
ma/inmce. 

Amongst the Marsupiiils {Petaiwus), the Rodents (Fteromi/s), and 
the Prosimicfi {Galeopithecus), there are a number of forms which are 
assisted in jumping by a kind of parachute, which consists of a 
cutaneous expansion — the patagium — stretched between the limbs 
on each side. The patagium is much more completely developed in 
the Bats ; in these animals it is continued over the extraordinarily 
elongated fingers of the hand, and in virtue of its enormous size 
and its great elasticity constitutes a true organ of flight, which, 
however, differs considerably from that of birds. The tail is included 
in the patagium, but the thumb and the foot are separate from 
it (fig. 699). The thumb has two phalanges, and is armed with a 
claw, as also are the five digits of the foot. Peculiar outgrowths of 
the skin of the head, lobe-like appendages of the nose and ear, often 
give the face a very sti*ange expression. Except upon these appen- 
dages, and on the thin elastic patagia, both of which have a large 
supply of nerves and a delicate sense of touch, the surface of the body 
is closely covered with hair. The skeleton (fig. 699) is light, and 
displays in its structure the Mammalian type ; it is, however, 
distinguished from that of other Mammalia by the rigidity of the 
thoracic framework, and ])y the length of the strongly developed 
sacrum, with which the ischia ai-e united. The possession of a 
crista stemi, and the ossification of the sternocostal cartilages, and 
some other peculiarities reciiU the skeleton of the birds. The 
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femur and cms (middle division of leg) ore, unlike the con-eeponding 
parts of the arm, very short. A spurlike process, called the eahar, 
projects from the inner side of the ankle-joint, and serves for the 
support of the femoral and caudal part of the patagium. Of the 
sense organs the eyes are relatively slightly developed, but on the 
contrary, the senses of smell, of hearing, and of touch, are, in 
correspondence with the noctumal habits, of great importance. Spal- 
lanzani has shown that Bat» which have been made blind are able 
to avoid all obstacles in their flight with great skill. The sense of 
hearing is not less developed ; it is essentially assisted by a large 




(fl.— BkBlBton of Pteraj M {8tl«t Owen, BliKhtly Bltersd). St, eteniun 
Se, ScBpulB; ff.Humerae; B, RaiiuB; P, Ulnsi J),Thnjnl), JMliumi P. Pobis ; 
Jt. iBChiua; ft, FemoT; T, Tibia i J", Fibula. 

pinna, which is pi^ovided with special lobes, and can be closed bv 

Bats are nocturnal animals, and feed on Insects. Amongst the 

exotic species there are some which attack Birds and Mammals, 
and suck their blood (Vampire) ; other, and especially the larger 
species live on fruit. Many fall into a winter sleep. They bear 
only one or two young at a birth, suckle them with their pectoral 
mammary glands, and carry them about duiing their flight. 

Sub-order 1. Frugivora (Fruit-eating Bats). With elongated 
dog-like head, small ears, and short rudimentary tail. The index 
finger, which has three phalanges, often bears a claw as well as the 
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thumb (lig. fiS9). The otlier fingers have t«'o phalanges, and .'ire 
without claws. The dentibiou has four oi' two incisors, which often 
fall out, one cunine, and foui- or six grindei-s with flat, bluntly- 
tuberculated ci-owns. Tlie pi'remaxills ai-e loosely united with one 
another, and with the maxillie. The tongue is beset with a number 
of baiikwai'dly-directed, homy spines. They inhabit the forests of 
the hot regions of Africa, East India, and Australia. Many of them 
are eaten on account of their weIl-flaToiu«d flesh. 

Fam. Fteropito (Plyiiip; Foxes). The smnl! ears and the nose are witliout 
tbe cntaiieouj" appeudagen and vnlres. PtempHt rdulii Oiioit, Kalong. Ka* 
Indies. Dentition : 



; ffarjiijiii crpbalntes Pall., Amboinn 
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Sub-order 3. Inflectivora (Insect-eating Bats). 
ehort ; the ears ore large, and fi-equently 
covered with valves. Grinding teeth shaiply 
tuberculated or cutting, and composed of 
three-sided pyramids. The thumb alone 
hears a claw. Some of them live on iusecta ; 
some on the blood of warm-blooded animals. 

Tribe 1. Ojnnnorliilia. The nose is; 
smooth, and without folLit'eous appendages. 
The pnemaxillte are firmly ankylosed with 
the maxillie. The ears sometimes meet one 
another on the top of the iiead, and are 
sometimeB widely separate ; the valves of 
the ears varv conaiderabl> 

Fam. Vespertilioaidio Hit long ind slender lail is witirel.v included in 
the interfemoral luembnup Pleentuji iiurilHa L., Long-eared Bat; .Synofw 
harbaafdlm 'fchreb the BarliastGlle , Ve»pertUio mvriniii Ri;hreli. Dentition:' 

1 " I 9 T .... .^, nortula SLhreb , V. pipUtrfHits Schreb. 




3 1 .^ I 3' 

Fani. Tap]ioiind». Tail shoTtcr than the interfemnral mcinh 
of the thomh ia within the pataginra. 'litpliazoaa Ipueu/ztrru 
Africa; Jtf^tfaeina turlwrmiJata Grav, New Zealand. 



The I 



Tribe 2. PhfllorMiia. Cutaneous appendages are spread on and 
over the nose. They consist of a. horseshoe-shaped anterior leaf 
(/errWOT equiniim), a medium saddle [sella), and a posterior, usually 
Vfirtioal lancet-shaped leaf (lancet) (fig. 700). The priemasilhe are 
not ankylosed with the maxillre. Ears separated. J'eed partly on the 
blood of waim-blooded Vertebrates, which they attack while sleeping. 



Fam. BMnolopliidA Sars separat^il without tragus. Ithinoltipkiu 
jumdeiva Bechst., sm^Jl Horaeahoe-nose. Sh. fermm rnuvmnn Bhreb., 
Horseahoe-nosc ; PtiijllorliiHa gigat Wiign., Guinea. 

f'iim. KsgBdBnnidB. The lai^ cars approxiioated, with long tr 
Megaderma. lyra (kioffr. ; Hliinepama miorojihyllmn Guoffr., Es'yiit. 

Fiim. FhyllMtDmidEe, With thick head 3M<i long tnmcated toDgiie. Nasd J 
apporataa usually with upright iantot. Eats almost always aeparatfi, with 

ear-valve. Phi/llustaiiui luutdtitm Pall., Brazil. Dentition =21'^ ^"^ 
p'jrin tpeolriiM L.. the Vajnpire of Central Amoricu. 



Ofilei- 13. — Prosimi^ (Lemurs). 

lah of the OhI. World, with complete inBeotivof4ii« ] 
ilmtition, with kanda and pre- 
hufisile Jeet, without 
orliil, and with Uioracio and ' 
iibilominnl ti 




The dentition holds a po^- I 
tion intermediate between tliat i 
of the Caniivoni and that of j 
the Insectirofa. There 
usuaEy four incisors, of which. I 
tiie upper are separated by a | 
ivide gup, while the lower pro- ,j 
jec't more or less horizontally; J 
tliere are projecting canines, 
iiud numerous sharply-tuber- i 
fulated grinders. The lowea' 
jiiw in relatively weak, and ita j 
two rami remain permanently | 
separate at the symphysis. The 1^ 
orbitJi are, indeed, completely 
but ai-e not shut off from the 
the Apes. In many Lemurs the 
urethra. 0terus two-horned 
ei-al pairs of t«ats. The aoiteriox" i 
limbs are shorter thaji the posterior. The great toe, like the A 
thumb, is opposable except in GaUopithecug. They thus have \ 
the hands and pi'ehensUe feet of Apes, and also flat nails on the 1 
extremities of the fingers and toes, except in Galeopitfiecua i 
Chironiys (fig. 701), which have claws ou all the fingers and toea^ 1 



inded by a bridge of bur 
temporal fossa as they l 
clitoris L*! perforated by the 
doiihle, Tliere are uitually se\ 



PBaslHLS (LeXUSs), 
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Jfoepti'ili, being iLtined 
L ciaw on tha uiiddle 



The second. Uw of the foot idone fori 
with a long claw. Tliero may, howe 
toe. The laU presents gi-eat viuiations in size luid development, but 
can never be used a& u pi-eheii;iUe taO. The Prostmice: inhabit ex- 
clusively the hot i-egions of the Old World, principally Madagascar, 
Africa, and South A^n. Tliey are almost all noctuiiinl iu their , 
habits, climb with great likill, bnt slowly and litaily, and feed on 
Insects and small Vertebmtes. 



With closely-furrmi pnlJi^um, w!uc;li 



Vnm. GBlaopitlieoidEB = Dsrmaptera. 
tliey U9e OK a jiarncliutc in juiuii 
Loiver incisors pectiitatcd aud incliued 
forward*. Tbej are most nearly allieil 
to the Makis; they are anctuiTiat in 
tbciv lisMts, and lire [lartly on fruit and 
[lartly ou Insects. During the vlny they 
sleep in tUeir hiding-pinces, Biispeiidcd 
like Bats. GaleapUAerni ralam L,, the 
(ijnng Mafci. liUnd of Kunda. 

Fam. OhiramjidB. Witli rodciil-liliB 
iluatitiim. aud witb claw-lilic tiails ud 
the fingers nnd toes. The lai'ge opiiosable 
at toe o{ the hind foot alone lias ii 
_ flat Dftil. Iq the pRpmaxillfe itnd in the 
Inwci' jaw there are two large rootless 
indeors, wbieh [irujccl obli<|nely for- 
wards, and. unlike those of Hodents, are 
cormed with enamel on both sides. 
tUHVmj* ma^iijatairiniJiii Deam., tbe 
Aye-aye, i«rmanent denlitioii - - 7- 
<Fig. 701). 

Pam. Tariiida [Luug-footed animals). 
With thick bead, lai^e eitrs and eyes, 
diort snoot, rnuth elo!ig«i [inixiinnl tar- 
sal bones (cBlcnneum and naTii'ulorc), 
«nd long t^l. Tbe middle toe as well 
) the second may be armed v>ith a. 
claw {Taraiut). In their ap|iearnnce thoy roaenible the Hanel-mip 
a/tflldMiirivi), in their oioyemenls the Squirrels. TarHui upeelra 
(Gespen stm aki ) . 

Ptua. LamnridB. The lower incisors directed horizontally forwards. Only 
tbe second bind toe has a claw-like nail. Stenopi •/raeUU v.d. Hoar., the 

der Lori, Ceylon; Nyotu-ebun tarAi-jra^i L., the aowieUiy J.ori, 
Indies and Island of Sunda ; LinhiiHotna brrieipaitdalvr GeoSri, Indri of 
Uadagascar ; Propitlireva diadeina, Wi^n., Vlisamaki of Madagascar. Ltvntr 
tiaita'L., maeaeo \i., mongia Ij., Mnkis, Madagascar; Dentition '■ ■* l„, 

Otalieiaiii Kmegalerait Geoifr., the ci 
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Order 14. — Primates L., Pitheci* (Apes). 

2 
With complete dentition and ^ chisel-slvaped incisors in closed series 

on each side ; usuaUy with prehensile feet on the hind limbsy and as a 
ride, with hands on the front limbs ; with closed orbit and tioo pectoral 
ma/nvmai. 

The Apes, as a rule, are of slender build, corresponding with their 
quick and easy movements as arboreal animals ; there are, however, 
heavy unwieldy forms, which, as the Baboons {Cynocephalidce), avoid 
forests and inhabit rocky mountain regions. The body is more or 
less closely covered with hairs, except on the face, which is naked in 
parts, and the callous parts of the buttocks (ischial callosities). The 
hair is often longer in places on the head and trunk, forming tufts 
and manes. The human look of the face depends mainly upon the 
slight prominence of the jaws, and is greatest in the early part of 
life. The facial angle of the adults rarely exceeds 30° ; but in one 
case, viz., in Chrysothrix sciurea, is almost twice that size. With the 
increase in size of the brain, the cranial capsule becomes rounder, and 
the foramen maijnum gradually moves from the posterior part on to 
the lower surface. The pinna, of the ear also has a human look, as 
has also the position of the anteriorly directed eyes. The orbits are 
completely closed towards the temporal fossae. Further, the mammae 
are two in number and pectoral in position, as in Man. Finally, the 
dentition and the structure of the extremities (fig. 703) are so 
similar to those of Man, that he has been placed in the same order 
as the Apes. There are in each jaw four chisel-shaped incisors, 
which, as in Man, are placed close to one another without any 
interval. There are projecting conical canines, and in the Apes of the 
Old Woi'ld five, in those of the New World six bluntly- tuberculated 
grinders, the form of which indicates that the diet is mainly vege- 
table. The size of the canines, which project almost as much as 
those of the Carnii'ora, occasions the presence of a considerable gap 
between the canines and the first praemolars of the lower jaw. 

The anterior limbs are usually longer than the posterior. A 
clavicle is always present. The forearm permits of a rotation of 
the radius I'ound the ulna, and accordingly of the pronation and 
supination of the hand, the fingers of which, except in the 

* Vrolik, " Kecherclies d'anatomie comp. sur le Chimpanze," Amsterdam, 1841. 

G. L. Duvernoy, '* Des caract^res anatomiques des grands Singes pseudo- 
anthropomorphes." Arch, du Mnscuvi, Tom. VTII., 1855. 

R. Owen. " Ostcoloiry of the Anthropomorphic! «?," Iranmrf. Zool. Soc,, vol. i.,. 
183:) ; vol. ii., 1841 f vol. iii., 1849; vol.iv., 1853. 



Arotnjiilfitci, hiivc lldb or 
archeil nails. In structui* 
and function the hand is 
coDsirlembly inferior to 
that of man. The pelvis 
ia long and ext«n(le<l, but 
in the Anthropomorphii it 
is shorter ttnd moi'e like 
that of man, tJiowgh it ia 
always flatter. Thi 



and fibula 
uepamte 
The po 






WBll-develo]iecl, 
foot, which, ai 



movable, 
extremity 

prehensile 

i structure and 
mgements, we 



muscular 

are not jnstitied in calling 
a hand. The opposable 
h&llas always has a nail, 
while the other toes miiy 
be armed with daws {^Arc- 
topithecl). By the nrmnge- 
ment of the hind limba the 
Apes are admirably adapted 
for climbing and jumping. 
On the other hand they 
are less fitted for walking 
or running upon the four 
limbs, in consequence of the 
position of the foot ; the 
leg is directed obliquely 
inwards, so that only the 
estemal edge of the foot 
rests on the ground. The 
gait is, thei'efore, chimsy, 
except in the Ai-ctopitheci, 

Their movementa on the Sr, acapaii 
hougliH and branches of 6J, saorun 
trees, which are effected c, 'dUonnoi 







; A, Aatr^BluB. 
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MA UM A LI A. 




i and safet\ are often assisted bj the long tail 
Q act as an aiwessoiy prehensile organ 

3 and live m forests in hot countiies In 

Europe the precipices of (ribraltar 

are the fcingle resort of a pecies 

. of Ape the Barbary Ape {/nttvs 

) fcaudatui) which it. probablj African 

oiigin and has eL ewhere com 

pletely latiished from Europe Oalj 

■I few Apes lead a solitary life 

most of them live together in large 

compamet. which are led bj the 

largest md stronge t male The\ 

feed chieflj on fruits and seeds 

but also on uuects egLS and birds 

ijie females produce only one young 

(more ruely t«o) it i liith they protect vad tend their ofispnng 

with gre'it love Intellectually the Pnmites take with the dogs 

and elephant the highe t phiee amongst Mammalia 

Suboijei 1 Arotopitheci Marmoset South American Apes of 
Mnall size with long haii\ tail and claw like nails The great toe is 
opposable ind has \ 
flat nail The thumb 
18 not oppo'.able In 
the number of teeth 
{thirty two)thej resem 
ble the apes of the Old 
World from which 
howevei thej differ in 
the fact that the prse 
molars (three) are more 
numerous than the mo- 
lais(t-wo) Thej produce 
tuo or even three ^oung 
at a birth and feed on f 

^gs, insects, and fruit. 

Fam. Hapalidee. Dental formula i 
Sapalc Jacchvs Gcoffr., the Sahui or Ouistiti ; 

Suborder 2. Platyrrhini. Apes of the New World, with broad 

V2 1 3 I 




—Skull of Batyrya or. 



Without preheosilo tail. 
; Midas Jli-galia L. 



nasal septui 



ind with thirty-sis teeth ( 



(Fig. 704 



The tail is soinetiuit** iisedasapi'elieiisile organ. Tlie fingers ami toee- 
have arched or fliit iiaUs. The thnnili is HiometiBieii lediireil, iiiul is 
nevei' opposable to the same extent ai t!ie grait toe. Cheek pouches 
and ischial <»llositiea always uhsent. 

P»m, Pitbecidw. Apeswllh lijDjr hnir.v taii.whfch tnmiDl Ije used tor lui'heii-. 
taoa; PUheda /iifawoji UijHiun.. Unuiil; yj/rlijiillifiiKu Iririrgaim v. Homh., fJew 
Granadft; Chryiithrlr 'rimva I.., i^niniii', Sijuin-el Monkey, GaiaTin ; CallilhrU- 
ptrtofiata Oentfr., enat fonul "f lini)!*1. 



Fig. Toa.—BoriUa rnsmo, tiom Vugl aud Siiechc, 

Fam. CebidB. Apes with prehenaile Liil ciivereii with liair or naked nt tlic 
end, CVSkj /.■ayvcinvi L.. Wni. Cdpiichin ; Atrlen /lanhcin I.., Konita, M])idtr- 
monkej. Brazil ; A. Bvhrlivth Geoffi'.. G\iiitna ; Legothrij- HvmMdfii Geoff., 
Pern. Mijcctp* 111., Howling MonkejH. M. tiv/cr Qcoffi'., Brazil ; jV. wnimlna ]-. 

Suborder 3. Catarrhini. Ape^ of the Old World, with. naiTow 
nasal septum, and appi-oximated, downwardly directed nostrils, with 
thirty-two teeth (^ f ^ ^)- (Fig. T(I5). The tail is never pre- 
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hensile, but is in some cases rudimentary, or, as in the Anthropomor- 
2yhid(By entirely absent as an external appendage. 

Fam. Cynocephalidse. Baboons. Of stout, unwieldy build, with dog-like 
projecting snout. The canine teeth are large like those of the Carnivora. There 
are cheek pouches and large ischial callosities. Cytwcrphalus hamadryas L. ; 
C. Bahuin Desm.. Abyssinia ; C. Gelada Riipp., Gclacla ; Papio mormon L.. 
Mandrill, Africa. 

Fam. Cercopithecidse. Of slender, light build, with cheek pouches, ischial 
callosities, and tail of various length, without terminal tuft. Macacus shiirus L., 
and s'dcnus L., India ; M, cynonwlgm L., the Java Ape ; Rhes^is twrnestrinug 
Oeoffi"., Borneo and Sumatra ; Inuvs xyJvanust L., ecaudatns Geoffr., Barbary 
Ape, North Africa and Gibraltar ; Cei'copithecui^ sahrens F. Cuv., West Africa. 

Fam. Semnopithecidse. With small ischial callosities, without true cheek 
pouches. The thumb is short. Srmnoj/ifhecus ent/dln/t L., reverenced in the 
Indies as the holy ape of the Hindoos ; S. nations Cuv., Borneo. 

The African genus Colohus is allied to the Seninopithecid(r, from which it is 
<listinguished principally by the thumb, which is rudimentary, or wanting. 
Colohns Gunreza Wagn., with long pendent white mane and caudal tuft, 
Abyssinia. 

Fam. Anthropomorphse. Without tail, with long front limbs, without ischial 
callosities [except in the Gibbous] and cheek pouches. The body is closely 
■covered with hair on the under side of the trunk and the limbs. Hylohatc'i 
Lar m., II. syndactyluH Cuv., Siamang, Gibbon. The front limbs are very long, 
reaching to the ground. Satyrv^^ Orang L., Orang-Utang, Pongo. Lives in the 
swampy forests of Borneo. Gorilla engena = gina J. Geoffr., Gorilla (fig 706). 
Lives gregariously in forests on the west coast of Africa (on the Gaboon River) 
and reaches a height of five and a half to six feet. Troglodytes /tiger L., the 
Chimpanzee ; lives in great companies in the forests of Guinea, and is said tQ 
build a nest with a roof upon trees. 



Man.^ 

With reaso7i ami articulate speech, with upriyht gait, icith hands and 
broad-soled, short-toed feet. 

Although tlie view, which formerly was so widely held, that Man 
belongs to a special natural kingdom, above and outside the animal 

* J. F. Blumenbach, " De generis humanis varietate nativa," Gottingae, 1795. 
And, •• Decas Collectionis suse craniorum diversarum gentium illustrata," 
Gottingae, 17i:0-1820. 

J. C. Prichard, *' Researches into the Physical History of Mankind." 2nd ed. 
London, 1826. 

A. Retzius, '• Anthropologische Aufsatze," iibersetzt in Miiller's Archiv. 

Huxley, " On the zoological relations of man with the lower animals," Nat. 
Hist. Rev., 1861. 

Huxley, "JJvidence as to Man's Place in Nature," London, 1863. 

C. Vogt, " Vorlesungen Uber den Menschen," etc., Giessen. 1863. 

M. L. BischofF, " Ueber die Verschiedenheit in der Schadelbildung des Gorilla, 
Chimpans6 und Orang-Utang." etc., Miinchen, 1867. 

Quetelet, "Anthropometric." 1870. 

Friedrich Miiller, •• Allgemcine Ethnographic," Wien, 1879. 
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kingdom, may now be completely put on one side as incompatible 
with the spirit and method of natural science, yet there are still 
differences of opinion as to the position of Man in the class of Mam- 
malia, according to the value attributed to the peculiarities of his 
bodily structure. While Cuvier, and more recently Owen and 
others, establish a special order {Bimana) for Man, other investi- 
gators, as Huxley and his f oUowei-s, attach a much less importance 
to the characters which separate Man from the anthropoid Apes, and, 
in agreement with Linnseus, who included Man with the Apes in 
his family of Primates, regard them only as of family value. The 
most important anatomical diffei-ences between Man and the Apes 
depend upon the configuration of the skull and the face, the structure 
of the brain, the dentition and the formation of the extremities, the 
arrangement of which, in connection with certain peculiarities of the 
vertebral column, peimit of the upright posture of the body in 
walking. 

The rounded arched form of the spacious cranial capsule, the con- 
siderable preponderance of the skull over the face, which is not 
placed in front of the skull as in the anthropoid Apes and in other 
animals, but almost at light angles beneath it, are essential human 
characters, as are the relatively large mass of the brain, the great size 
of the anterior and posterior lobes, and, finally, the great development 
of the cerebral convolutions, which, however, in the Apes are arranged 
on the same type. 

All these peculiarities, which are of the greatest importance for 
the intellectual development of Man, cannot be regarded as funda- 
mental distinctions, but must rather be ascribed to gradual deviations, 
since there are still greater difierences -between the highest and 
lowest Apes. Efforts have been vainly made to show that certain 
parts, which are always present in Apes and other Mammals, are 
absent in Man {jyi^cemaxilla Blumenbach — Goethe) ; and the attempts 
to prove the converse of this, viz., that there are paints of fundamental 
value in the human oiganism {pes hippocampi minor Owen — Huxley), 
which are found in no other Mammal, have as completely failed. 
Further, the completely continuous row of teeth, interrupted by no 
gap for the opposed canines, a character by which the human denti- 
tion is distinguished from that of the Catan^hina, is not an exclusive 
human character, but is known in a fossil Ungulate (Anoplotherium) ; 
while on the other hand similar gaps have been observed, certainly 
only in exceptional cases (Kaffii- skull in the Erlangen collection) in 
the human dentition. The prominent chin of Man has indeed the 

VOL. II. 22 
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value of a characteristic feature, although even this is less con- 
spicuous in the negroes ; nevertheless it is obvious that this feature 
cannot be regarded as a character of fundamental importance. 

Far more important are the differences between the limbs of Man 
and those of the anthropoid Apes. The proportions of the individual 
regions are essentially different, although the differences are not 
greater than those which exist between the three species of anthro- 
poid Apes in this respect. While in Man the legs constitute the 
«*ole support of the body, and greatly surpass the arms in length 
and weight, in the Apes the arms are longer, in various degrees, 
than the legs ; the brachium in Apes being relatively shorter, the 
antebrachium and hand, on the other hand, much longer than in 
Man. In none of the three anthropoid Apes does the hand attain 
the perfection of the human hand ; that of the GU)rilla approaches it 
most nearly, but is clumsier, heavier, and has a shorter thumb. The 
foot also of the Apes is relatively very long, and is prehensile, the 
sole being more or less turned inwards. With regard to the arrange- 
ment of the bones and muscles, the human foot differs essentially 
from a true hand, but not from the prehensile foot of the Apes. The 
human foot presents a number of features, which are peculiar to Man, 
and are an essential condition of the maintenance of the upright 
posture ; these are the large and strong, but n on -opposable, great toe, 
the arched instep (articulation of the tarsal and metatarsal bones), 
and the horizontal position of the sole upon the ground. With these 
peculiarities of the foot are correlated the large development of the 
calf muscle, the form of the broad shovel-shaped pelvis, the form of 
the thorax, and the double curvature of the vertebral column. 
However high a value we may concede to the form of the head, the 
development of the brain and the upright position of the body, and 
the upright gait, yet it is undeniable that Man and the Apes are 
built upon the same type. 

The most important consideration which induced the older 
naturalists to assign to man an entirely special place outside the 
animal kingdom, is his high intellectual development, which, founded 
on the possession of articulate speech, has elevated him to a reason- 
able being, capable of almost unlimited perfection. In fact, it were 
foolish to deny the great gap which, in this relation, separates Man 
from the highest beast. Nevertheless, if we examine without pre- 
judice the intellectual development of the individual in early life, 
and of civilised humanity since the first dawn of culture, and if we 
subject the intellectual peculiarities of the higher animals to a com- 
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parative investigation, we shall reach with Wundt the conclusion that 
the mind of Man differs from that of the beasts only in the degree 
of development which it has attained. 

The origin of Man and his early history are hidden in complete 
obscurity, but the view that he has existed for only a few centuries 
on the earth is completely contradicted by antiquarian and geological 
investigations. The simultaneous appearance of the remains of 
human bones (skulls of Engis and of the Neanderthal) and of 
stone implements, with the skeletal remains of extinct animals 
(^Mammoth, Rhinoceros tichorhinus) of the diluvial period, proves the 
great antiquity of the human race. Man certainly existed in the 
pleistocene period, but possibly also at the beginning of the tertiary 
epoch. There are, however, at the present time, no definite facts 
with regard to his origin ; * the view, that the highest form of life 
has also originated by the process of natural selection from one of the 
lower forms of Primates, is only a deduction from the Darwinian 
theory. 

The question as to the unity of the species of Man,* which may be 
answered in different ways according to the different conceptions of 
species, may remain undiscussed, since from the impossibility of draw- 
ing a distinct line between species and race, a definite conclusion is 
impossible. Blumenbach, at the end of the last century, distinguished 
five races of men, and characterised them by the form of the head 
and skulls, by the colour of the skin, and the structure of the hair. 

1. The Caucasian race, with white skin, fair or dark hair, globular 
skull, high forehead, vertically placed teeth, narrow nose, and long 
oval face. Inhabitants of Europe, West Asia, and North Africa. 
To this race belong the Indogermanic peoples (Germans, Celts, 
Hindoos, Iranians, etc.) ; the Semitic peoples (Jews, Arabs, Berbers, 
etc.) ; and the Slavs. 

2. The Mongolian race, with yellowish skin, almost quadrangular 
short head, narrow, flat forehead, small nose, projecting cheekbones, 
and broad face, with oblique eyes (from above and outdde to below 
and inside), stiff, black hair. They inhabit parts of Asia, Lapland, 
and North America (Eskimos), 

3. The Ethiopian race, with black skin and close, crisp, curly hair, 
with narrow elongated skull, and prominent jaws with oblique 

* Cf. Ch. Darwiu, " The descent of Man, and selection in relation to sex." 
London : John Murray, vol. i. and ii., 1871. 

Cf . Th. Waitz, " Anthi'opologie der Naturvolker," foilgesetzt von Gerland, 
Leipzig, 1859-1872. 
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alveolar portion ; with thick lips, short flat nose, retreating forehead 
and chin (facial angle only 75°). They inhabit Central and South 
Africa (Negroes, Klaffirs, etc.). 

4. The American race, with brown-yellow or copper-red skin, with 
stiff black hair, deep-set eyes, projecting cheek bones, and broad 
face. The forehead is narrow, the nose short, but projecting. They 
inhabit America. 

5. The Malayan race, with yellow-brown to black skin, with close 
black loose hair, broad thick nose, turned-up lips and projecting jaws. 
They inhabit Australia and the East Indian Archipelago. 

Cuvier recognised only the white, or Caucasian, the yellow, or 
Mongolian, and the black, or Ethiopian races as such ; and in dis- 
tinguishing them he laid great stress on differences in language and 
capability of civilization. The efforts of the modern Anthropologists 
to found a better and more natural division of races and stocks are 
based, according to the works of Retzius, principally on the value of 
the dimensions of the skulls, for the measurement of which a number 
of methods have been invented. Retzius distinguishes according to 
the different forms of the face and skull, the long-heads, or DolicIiO' 
cepludi (9 : 7), and short heads or Brachycephali (8 : 7) ; and further, 
according to the disposition of the jaws and .teeth, the OrtJiognathi 
and the Prognathi, The people of Europe are orthognathous, and in 
great part, the Celts and Germans excepted, brachycephalic. 
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Agama, 219. 
Aglossa, 194. 
Aglyphodonta, 209, 212. 
Agouti, 321. 
Ahaetulla, 212. 
Ai, 306. 
Alata, 48. 
Alauda, 268. 
Alausa, 169. 
Albatross, 257. 
Alburuus, 109. 
Alca, 257. 
Alcedo, 265. 
Alcidje, 257. 
Alcyonella, 78. 
Alcyonidium, 79. 
Alectoridae, 259. 
Alisphenoid, 116. 
Allantoic artery, 297. 
AUantois, 206. 
Alligator, 225. 
Altriccs, 253. 
Alula, 237, 241. 
Alytes, 195. 



Amaroecium, 102. 
Ambly stoma, 190. 
Amciva, 220. 
Ameividse, 220. 
American race, 340. 
Amia, 1()6. 
Ammoccetes, 156. 
Ammodytes, 170. 
Ammonites, 69. 
Amnion, 206. 
Amphibia, 176. 
Amphiccelous, 132. 
Amphioxus, 153. 
Amphipneusta, 51. 
Amphiprion, 171. 
Amphisbaena, 217. 
Amphiuma, 190. 
AmpuUaria, 48. 
Anabas, 173. 
Anableps, 170. 
Anacanthini, 170, 
Anas, 257. 
Anastomus, 259. 
Anchitherium, 312, 313. 
Anchovy, 1()8. 
Ancillaria, 43. 
Ancylus, 51. 
Andrias, 190. 
Angel-fish, 162. 
Angler, 173. 
Anguilla, 168. 
Auguis, 219. 
Angularc, 118. 
Anisobranchiata, 46. 
Annarhichas, 173. 
Annulata, 217. 
Anodonta, 27. 
Anomia, 26. 

Anoplotherium,312, 314. 
Anser, 257. 
Ant-eater, 305. 
Antebrachium, ■ 1 15. 
Antelopes, 317. 
Anthropomorpha, 336, 
Anthus, 267. 
Antilope, 317. 



Anura, 192. 
Aorta, 125. 
Aperea, 321. 
Apes, 332. 
Apex, 18. 
Aplysia, 40, 52. 
Apoda, 187. 
Appendicularia, 100. 
Aptenodytes, 256. 
Apteria, 239. 
Apteryx, 271. 
Aquiia, 269. 
Arabs, 339. 
Area, 27. 

Archaeopteryx, 255. 
Archegosaurus, 188. 
Archi pterygium, 114, 
Arctomys, 322. 
Arctopitheci, 334. 
Ardea, 259. 
Ardeidae, 258. 
Area, 18. 
Argali, 318. 
Argiope, 85. 
Argonauta, 70. 
Argus, 261. 
Arion, 40, 51. 
Armadillo, 305. 
Armmolche, 190. 
Articulare, 118. 
Artiodactyla, 314 
Arvicola, 321. 
Ascalabota, 218. 
Ascidia, 101. 
Ascidiae compositae, 101. 

salpaeformes, 
102. 

simplices, 100. 
Ascidians, 90. 
Ascidiozooid, 103. 
Asinus, 313. 
Asiphonia, 25. 
Aspergillum, 28. 
Ass, 313. 
Astragalus, 281. 
Astur, 269. 
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Ateles, 336. 
Atlanta, 50. 
Atlas, 276. 
Auchema, 317. 
Auerochs, 318. 
Auks, 257. 
Auricula, 51. 
Aves, 230. 
Avicula, 26. 
Avicularia, 74. 
Avocet, 258. 
Axis, 276. 
Axolotl, 189. 
Aye-Aye, 331. 

Baboon, 336. 
Babyrussa, 315. 
Badger, 32(>. 
Balaena, 310. 
Balaeniceps, 258. 
Balaenoptera, 310. 
Balistes, 168. 
Bandrfish, 173. 
Bandicoots, 304. 
Barbary-ape, 336. 
Barbastelle, 329. 
Barbel, 169. 
Barbicels, 239. 
Barbules, 238. 
Barbus, 169. 
Barn-owl, 269. 
Barramunda, 175. 
Basiliscus, 219. 
Basioccipital, 116. 
Basisphenoid, 116. 
Basitemporal, 233. 
Basommatopliora, 51. 
Bass, 171. 

Bastard wing, 237, 241, 
Batrachia, 192. 
Batrachoscps, 190. 
Bats, 328. 
Bdellostoma, 157, 
Bear, 326. 
Beaver, 322. 
Bee-eaters, 265. 
Belemnites, 70. 
Belone, 171. 
Beluga, 309. 
Berbers, 339. 
Bezoar-goat, 318. 
Bicellariidae, 80. 
Bile duct, 289. 
Bipes, 220. 
Birds, 230. 
Bison, 318. 
BitterHng, 169. 
Blackbird, 268. 
Blackcap, 268. 
Black-fish, 309. 
Blaubock, 317. 



Blaufelchen, 169. 
Bleak, 169. 
Blennies, 173. 
Blennius, 173. 
Blindworm, 219. 
Blue-shark, 162. 
Blue-throat, 268. 
Brachiopoda, 80. 
Brachium, 116. 
Brachycephali, 340. 
Bradypoda, 306. 
Bradypus, 306. 
Branchial arches, 118. 
Branchiostegal, 136. 
Branchiostoma, 153. 
Boa, 212. 
Boar, 315. 
Bombinator, 195. 
Bombycilla, 267. 
Bony fishes, 166. 
Bony-pike, 166. 
Boring-mussel, 28. 
Bos, 318. 

Botalli ductus, 182. 
Bothrops, 214. 
Botryllus, 101. 
Bream, 169, 172. 
Brevilinguia. 219. 
Brill, 171. 
Bruta, 305. 
Bryozoa, 71. 
Bubalis, 318. 
Bubalus, 318. 
Bubo, 269. 
Buccal ganglia, 34. 
Buccinum, 47. 
Bucco, 263. 
Buceros, 265. 
Bucorvus, 265. 
Buffalo, 318. 
Bufo, 195. 
Bugula, 80. 

Bulbus arteriosus, 146. 
Bulimus, 52. 
Bulla, 52. 
Bullfinch, 268. 
Bullhead, 172. 
Biindtner pig, 315. 
Buntbock, 318. 
Bunting, 268. 
Buphaga, 267. 
Burbot, 170. 
Bursa Fabricii, 247. 
Bustard, 259. 
Buteo, 269. 
Butterfly-fish, 173. 
Buzzard, 269. 

Cachelot, 310. 
Caiman, 225. 
Calamoichthys, 166. 



Calamus, 238. 
Calandra-lark, 268. 
Calcaneum, 281. 
Calcar, 328. 
Callithrix, 335. 
Callorhinus, 324. 
Callorhynchus, 161. 
Calopeltis, 212. 
Calotes, 219. 
Calurus, 263. 
CalyptorhynchuKS, 264. 
Calyptrasa, 48. 
Camel, 317. 
Camelopardalis, 317. 
Camelus, 317. 
Campanula Halleri, 139. 
Canahferae, 47. 
Canary, 268. 
Cancellaria, 47. 
Cancellata, 47. 
Canines, 286. 
Canis, 326. 
Capo.rcally, 261. 
Capra, 318. 
Caprimulgus. 266. 
Capuchin, 335. 
Capulus, 48. 
Capybara, 321. 
Caranx, 172. 
Carapace, 225. 
Carcharias, 162. 
Cardinal vein, 125. 
Cardium, 27. 
Cariama, 259. 
Carina, 255. 
Carinaria, 50. 
Carinatae, 255. 
Camassial, 325. 
Carnivora, 324. 
Carotid gland, 182. 
Carp, 169. 
Carpophaga, 303. 
Carpus, 115. 
Carychium, 51. 
Cassis, 48. 
Cassowary, 270. 
Castings, '269. 
Castor, 322. 
Casuarius, 270. 
Cat, 326. 
Catarrhini, 335. 
Cathartes, 269. 
Cathartinae, 269. 
Catoblepas, 318. 
Catodon, 310. 
Caucasian race, 339. 
Cauda equina, 138. 
Caudal, 114. 
Caudata, 188. 
Cavia, 321. 
Cavicomia, 317. 
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Cebus, 335. 
CeUularia, 80. 
Celts, 339. 
Centetes, 823. 
Centrum, 111. 
Cephalaspidae, 149. 
Cephalophora, 10. 
Cephalo})oda, 56. 
Cepola, 173. 
Ceratites, 09. 
Ceratobranchial, 137. 
Ceratodus, 175. 
Cercolabes, 321. 
Cercoleptes, 326. 
Cercopithecus, 336. 
Cere, 238. 
Cerebellum, 120. 
Cerebral Hemispheres, 

120. 
Certhia, 2()5. 
Cerithium, 47. 
Ceroma, 246. 
Cervical, 114. 
Cervus, 317. 
Ceryle, 265. 
Cestraciou, 162. 
Cetacea, 306. 
Cetiosaurus, 224. 
Chaffinch, 268. 
Chalazae. 251. 
Chama, 27. 
Chamaeleon, 217. 
Chamaesaura, 215, 220. 
Chamois, 318. 
Charadrius, 268. 
Chauna, 259. 
Chelidon, 266. 
Chelonia, 225, 229. 
Chelydra, 230. 
Chelys, 229. 
Chersidae, 230. 
Chevreulius, 86, 101. 
Chiastoneura, 34. 
Chilostomata, 79. 
Chimaera, 161. 
Chimpanzee, 336. 
Chinchilla, 321. 
Chiromys, 331. 
Chironectes, 173. 
Chiroptera, 327. 
Chirotes, 217. 
Chirotherium, 188. 
Chiton, 41. 

Chlamydophorus, 306. 
Choloepus, 306. 
Chondropterygii, 157. 
Chondrostei, 165. 
Chondrostoma, 169. 
Chorda dorsalis, 110. 
Chorion, 296. 
Choroideal gland, 139. 



Chrysochlorys, 323. 
Chrysophrys, 172. 
Chrysothrix, 335. 
Chub, 169. 
Chyle, 126. 
Cicatricula, 252. 
Ciconia, 259. 
CincinnuriLs, 266. 
CincluH, 268. 
Cinnyris, 2(55. 
Ciona, 101. 
Circus. 2(>9. 
Cirrobranchiata, 28. 
Cirroteuthis, 58. 
Cistudo, 230. 
Civets, 326. 
Cladobates, 323. 
Clamatores, 265. 
Claspers, 158. 
Clausilia, 52. 
Clavagella, 28. 
Clavellina, 101. 
Clavicle, 114. 
Cleodora, 56. 
Cleopatra's snake, 213. 
Climbing perch, 173. 
Clio, 56. 

Clitoris, 205, 294. 
Clupea, 1(>8. 
Coatimondi, 326. 
Cobitis, 169. 
Cobra, 213. 
Coccosteus, 149. 
Coccothraustes, 268. 
Coccystes, 2(>4. 
Cochlea, 121. 
Cockatoos, 264. 
Cockle, 27. 

Cock of the Rock, 267. 
Cod. 170. 
Coecilia, 188. 
Coelogeuys. 321. 
CoelopeltLs, 212. 
Colius, 264. 
Collocalia. 266. 
Colobus. 336. 
Coluber, 212. 
Colubriformia, 211. 
Columba, 262. 
Columbella, 47. 
Columbidae, 262. 
Columbinae, 261. 
Columella, 32, 180, 198, 

215. 
Colymbus, 257. 
Commissural ganglia, 33. 
Compsognathus, 221. 
Conchifera, 15. 
Condor, 269. 
Condylura, 323. 
Coney, 320. 



Conger, 168. 
Conirosti'es, 268. 
Conus, 47. 

Conus arteriosus, 146. 
Cony-fish, 170. 
Coot, 259. 
Copelatae, 100. 
Coracias, 266. 
Coracoid, 114. 
Coral snake. 213. 
Corbicula, 27. 
Coregonus, 169. 
Cormorant, 257. 
Corncrake, 259. 
Coronella, 212. 
Corpora cavernosa, 292. 
Cor{)ora quadrigemina, 

120. 
Corpus callosum, 283. 
Corvina, 172. 
Corvus, 266. 
Cotile, 266. 
Cotingidae, 267. 
Cottus, 172. 
Coturnix, 261. 
Covert, 240. 
Cowper's glands, 292. 
Cowries, 48. 
Coypu, 321. 
Crane, 259. 
Crania, 84. 
Crassilinguia, 218. 
Crax. 261. 
Creeper, 265. 
Cremaster, 291. 
Crenilabrus, 171. 
Creseis, 56. 
Crex, 259. 

Cribriform plate, 277. 
Cricetus, 321. 
Crisia, 79. 
Cristatella, 78. 
Crocodilia, 223, 22.=). 
Crocodilus, 225. 
Crossbill, 268. 
Crossopterygii, 166. 
Crotalus, 214. 
Crow, 266. 
Crus, 115. 

Cryptobranchus, 191. 
Cryptochiton, 41. 
Crypturidae, 261. 
Ctenobranchiata, 46. 
Ctenoid, 131. 
Ctenostomata, 79. 
Cuckoo, 263. 
Cuculidae, 263. 
Cuculus, 263. 
Culmen, 245. 
Curassow, 261. 
Curlew, 258. 
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Cursores, 270, 
Cursorius, 258. 
Cuvier, Duct of, 146. 
Cyathozooid, 103. 
Cyclas, 27. 
Cyclobranchiata, 45. 
Cycloid, 131. 
Cyclomyaria, 109. 
Cyclostoma, 47. 
Cyclostomata, 79. 
Cyclostomi, 153. 
Cyclura, 219. 
Cygnus, 257. 
Cylindrophis, 212. 
Cymbium, 47. 
Cymbulia, 56. 
Cynailurus, 327. 
Cynocephalus, 336. 
Cynthia, 101. 
Cyphonautes, 76. 
Cypraea, 48. 
Cyprina, 27. 
Cyprinodon, 170. 
Cyprinus, 169. 
Cypselus, 2GG. 
Cystid, 73. 
Cystophora, 324. 
Cytherea, 27. 

Dab, 171. 
Dacelo, 265. 
Dactylethra, 194. 
Dactyl opterus, 172. 
Dama, 317. 
Daman, 320. 
Dassy, 320. 
Dasypoda, 305. 
Dasyprocta, 321. 
Dasypus, 306. 
Dasyurus, 304. 
Decapoda, 70. 
Deer, 317. 

Delphinaptcrus, 309. 
Dendrobates, 195. 
Dendrophis, 212. 
Dentalium, 30. 
Dentary, 118, 136. 
Denticete, 309. 
Dentine, 122. 
Dentirostres, 266. 
Dentition of mammal, 2. 
Dermoptera, 331. 
Derotrema, 186, 189, 190. 
Desman, 323. 
Desmomyaria, 108. 
Devexa, 317. 
Diaphragm, 124. 
Dibranchiata, 69. 
Dicholophus, 259. 
Dicotyles, 315. 
Didelphys, 304.. 



Didemnum, 101. 
, Didunculus, 262. 
Didus, 255, 263. 
Dinomis, 255, 272. 
Dinomithidae, 272, 
Dinosauria, 220. 
Dinotherium, 319. 
Diodon, 168. 
Diomedea, 257. 
Diphycercal, 164. 
Dipneumona, 175. 
Dipnoi, 173. 
Dipodae, 321. 
Dipper, 268. 
Dipsas, 212. 
Dipus, 321. 
Discina, 84. 
Discodactylia, 195. 
Divers, 257. 
Docoglossa, 45. 
Dodo, 263. 
Dog, 326. 
Dog-fish, 102. 
DoUcocephali, 340. 
Doliolum, 109. 
Dolium, 48. 
Dolphin, 309. 
Donax, 28. 
Doris, 53. 
Dormouse, 322. 
Dorsch, 170. 
Dory, 172. 
Dove, 262. 
Draco, 219. 
Dreyssena, 27, 
Dromaeus, 270. 
Dromedary, 317. 
Dryophis, 212. . 
Duck, 257. 
Ductus arteriosus Bo- 

talli, 297. 
Ductus BotalU, 182. 
Ductus venosus Arantii, 

297. 
Dugong, 310. 
Duodenum, 289. 
Dziguetai, 313. 

Eagle, 269. 
Eagle-rays, 163. 
Ecardines, 84. 
Echeneis, 172. 
Echidna, 301. 
Ectocyst, 72. 
Ectopistes, 262. 
Ectoprocta, 78. 
Ectopterygoid, 136. 
Edentata, 305. 
Eel, 168. 
Eel-pout, 170. 
Elgeoblast, 107. 



Elaps, 213. 
Electric eel, 168. 
Electric i*ays, 163. 
Electrical organs, 140. 
Eledone, 70. 
Elephas, 319. 
Eliomys, 322. 
Elk, 317. 
Elysia, 53. 
Emarginula, 46. 
Emberiza, 268. 
Emeu, 270. 
Emys, 230. 
Enaliosauria, 222. 
Enamel, 122. 
Endocyst, 72. 
Endoprocta, 77. 
Endopterygoid, 136. 
Endostyle, 88. 
Endyptes, 256. 
Engis-skull, 339. 
Engraulis, 168. 
Enhydris, 326. 
Entoconcha, 43. 
Entomophaga, 304. 
Eohippus, 312. 
Ephialtes, 269. 
Epicrium, 188. 
Epididymis, 184. 
Epiotic, 134. 
Epipodia, 10. 
Episternum, 179. 
Epistropheus, 278. 
Equus, 313. 
Erethizon, 321. 
Erinaceus, 323. 
Eriomys, 321. 
Ermine, 326. 
Eryx, 212. 
Eskimos, 339. 
Esox, 169. 
Ethiopian race, 339. 
Etmoid, 116, 117. 
Euganoides, 166. 
Eustachian tube, 180. 
Exocaetus, 171. 
Exoccipital, 116. 

Fabricii bursa, 247. 
Falcinellus, 258. 
Falco, 269. 
Falconidae, 269. 
Fallopian tube, 293. 
Fallow-deer, 317. 
Farella, 79. 
Feathers, 238. 
Felis, 327. 
Femur, 115. 
Fenestra ovalis, 178. 

„ rotunda, 197. 
Ferae, 324. 



INDEX. 



345 



Feuerkrote, 195. 
, Fiber, 321. 
Fibula, 115. 
Field-fare, 268. 
Field-mouse. 321. 
FUe-fish. 168. 
Filoplumes, 239. 
Finch, 268. 
Fissilinguia, 220. 
Fissirostres, 266. 
Fissurella, 46. 
Flamingo, 257. 
Flat-fish, 170. 
Flounder. 171. 
Flustra, 80. 
Flycatcher, 267. 
Flying-fish, 171. 
Flying-fox, 329. 
Foramen ovale, 297. 

„ Panizzae, 203. 
Fore-skin, 293. 
Fowls, 261. 
Fox, 326. 
Frigate bird, 257. 
Fringilla, 268. 
Fritillaria, 100. 
Frog, 194. 
Frog-fish, 173. 
JFrontal, 116. 
Frugivora, 328. 
Fulcra, 164. 
FuUca, 259. 
Funiculus, 73. 
Furcula, 237. 
Fusus, 47. 

Gadus, 170. 
Galago, 331. 
Galbula, 263. 
Galeopithecus, 331. 
Galeus, 162. 
Gallinacei, 260. 
Gallinago, 258. 
Gallinula, 259. 
Gallus, 261. 
Gannet, 257. 
Ganocephala, 188. 
Ganoidei, 163. 
Ganoid scales, 131. 
Gaper, 28. 
Gar-pike, 166, 171. 
Garrulus, 266. 
Gartner's canal, 204. 
Gasterosteua, 171. 
(Jastrobranchus, 157. 
Gastrochaena, 28. 
Gastropoda, 30. 
GaviaUdge, 226. 
GazeUe, 317. 
Gecko, 218. 
Genet, 326. 



G^orhychus, 322. 
Germans, 339. 
Gibbon, 336. 
Giraffe, 317. 
Glans, 292. 
GUres, 320. 
Glirina, 303. 
Globe-fish, 168. 
Globiocephalus, 309. 
Gnu, 318. 
Goat, 318. 
Goatsucker, 266. 
Gobies, 173. 
Gobio, 169. 
Gobius, 173. 
Golden-mole, 323. 
Goldfinch, 268. 
Goniatites, 69. 
Gonys, 245. 
Goosander, 257. 
Goose, 257. 
Gorilla, 336. 
Goshawk, 269. 
Goura, 262. 
Grallatores, 257. 
Grayling, 169. 
Grebe, 267. 

Greenland Whale, 310. 
Grinders, 286. 
Groundling, 169. 
Grouse, 261. 
Grus, 259. 
Guan, 261. 
Gudgeon, 196. 
Gueparde, 327. 
Guillemot,. 257. 
Guinea-fowl, 261. 
Guinea-pig, 321. 
Gulls, 257. 
Gulo, 326. 
Gurnard, 172. 
Gymnodontes, 168. 
Gymnolaemata, 79. 
Gymnorhina, 829. 
Gymnosomata, 56. 
Gymnotus, 168. 
Gymophiona, 187. 
Gypaetus, 269. 
Gypogeranus, 270. 
Gyps, 269. 
Gyri, 283. 

Haddock, 170. 
Hgemapophysis, 111. 
Haemoglobin, 125. 
Hags, 156. 
Hairs, 273. 
Hake, 170. 
Halcyonidae, 265. 
Haliaetos, 269. 
Halichoerus, 324. 



Halicore, 310. 
Halieus, 257. 
Haliotis, 46. 
Halmaturidse, 303. 
Hammer-headed shark, 

162. 
Hamster, 321. 
Hapale, 334. 
Harderian gland, 200. 
Hare, 321. 
Harpa, 47. 
Harpyia, 329. 
Harrier, 269. 
Hatteria, 219. 
Haw-finch, 268. 
Hectocotylus, 64. 
Hedgehog, 323. 
Helix, 52. 
Heloderma, 220. 
Hemicardium, 27. 
Hemidactylus, 218. 
Heptanchus. 162. 
Hermaphrodite fishes, 

147. 
Herodii, 258. 
Heron, 258. 
Herpestes, 326. 
Herpetodiyas, 212. 
Herring, 168. 
Hesperornis, 245. 
Heterocercal, 131. 
Heteropoda, 48. 
Hexanchus. 162. 
Hindoos, 839. 
Hipparion, 813. 
Hippocampus, 167. 
Hippoglossus, 171. 
Hippopotamus, 315. 
Hippopus, 27. 
HipjKDtragus, 317. 
Hirundo, 266. 
Hoazin, 261. 
Holibut, 171. 
Holocephali, 161. 
Holostomatons, 32. 
Homocercal, 131, 164. 
Homo diluvii testis, 190. 
Honey-suckers, 265. 
Hoofs, 274. 
Hoopoes, 265. 
Horabills, 265. 
Horse-mackerel, 172. 
Horseshoe-nose, 330. 
House-marten, 326. 
Howling-monkey, 335. 
Huchen, 169. 
Humerus, 115. 
Humivagae, 219. 
Humming-bird, 265. 
Hiipfmaus, 321. 
1 Hyalea, 56. 
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Hyaena, 326. 
Hydrochierus, 321. 
Hydromys, 321. 
Hydrophis, 213. 
Hydrosauria, 221. 
Hyla, 195. 
Hylobates, 336. 
Hymen, 294. 
Hyoid, 118. 
Hyomandibular, 117, 

118. 
Hyperodapedon, 219. 
Hyperoodon, 310. 
Hypobythius, 101. 
Hypophysis, 288. 
Hyporhachis, 238. 
Hypostomus, 170. 
Hypsiprymnus, 303. 
Hvpudaeus, 321. 
Hyrax, 320. 
Hystrix, 321. 

Ibex, 318. 
Ibis, 258. 
Ichneumon, 326. 
Ichthyodorulites, 158. 
Ichthyoidea, 189. 
Ichthyopsida, 129. 
Ichthyornis, 245. 
Ichthyosaurus, 223. 
Idmonea, 79. 
Iguana, 219. 
nium, 114. 
Impennes, 256. 
Inarticulata, 84. 
Incisors, 286. 
Incus, 277. 
Indogermanic, 339. 
Indri, 331. 
Ineptae, 263. 
Infundibula, 290. 
Insectivora, 322. 
Insectivora (bats), 329. 
Insessores, 264. 
Interparietal, 276. 
Inuus, 336. 
Iranians, 339. 
Irish elk, 317. 
Ischium, 115. 
Isocardia, 27. 

Jacamar, 268. 
Jacare, 225. 
Jackal, 326. 
Jackdaw, 266. 
Jacobson's organ, 200, 
Jaculus, 321. 
Jaguar, 327. 
Janthina, 47. 
Jay, 266. 
Jerboa, 321. 



Jer-falcon, 269. 
Jews, 339. 
Jugal, 118. 
Jugular process, 276, 
Jugular vein, 146. 
Julis. 171. 
Jumping hare, 321. 

Kaffirs, 340. 
Elakapos, 264. 
Kangaroo, 303. 
Karausche, 169. 
Kestrel, 269. 
Kidney, 126. 
Kingfisher, 265. 
King- Penguin, 256. 
Kinkajou, 326. 
Kite, 269. 
Kiwi, 271. 
Koaita, 335. 
Koala, 304. 
Kowalevskia, 100. 
Krallenfrosch, 194. 
Kreuzkrote, 195. 
Kreuzotter, 214. 
Kuandu. 321. 
Kudu, 317. 

Laberdan, 170. 

Labia majora et minora, 

294. 
Labrax, 171. 
Labrus, 171. 
Labyrinthici, 173. 
Labyrinthodon, 188. 
Labyiinthodonta, 187, 

188. 
Lacerta, 220. 
Lacertilia, 214. 
Lachrymal, 198. 
Lagidium, 321. 
Lagopus, 261. 
Lagostomus, 321. 
Lagothrix, 335. 
Lamellibranchiata, 16. 
j Lamellirostres, 257. 
I Lamina cribrosa, 277. 
„ papyracea, 277. 
„ perpendicularis, 

277. 
Laminiplantar, 238. 
Lammergeier, 269. 
Lamna, 162. 
Lamnungia, 319. 
Lamprey, 157. 
Lancelet, 153. 
Lanius, 267. 
Lark, 268. 
Larus, 257. 
Larynx, 124. 



Lateral line, 131. 

„ ventricles, 120. 
Lebias, 170. 
Ijeguana, 218. 
Lemming, 321. 
Lemur, 331. 
Lemurs, 330. 
Lepidoidae, 163. 
Lepidosauria, 207. 
Lepidosiren, 176. 
Lepidosteus, 166. 
Lepralia, 80. 
Leptocardii, 150. 
Leptoptilus, 259. 
Lepus, 321. 
Lestris, 257. 
Leuciscus, 169. 
Levirostres, 265. 
Lichanotus, 331. 
Lima, 26. 
Limaponta, 53. 
Limax, 40, 52. 
Limnaeus, 51. 
Limpets, 45. 
Lingula, 84. 
Lion, 327. 
Liophis, 212. 
Lithodomus, 26. 
Littorina, 47. 
Lizards, 214. 
Llama, 317. 
Loach, 169. 
Loligo, 70. 
Lophiura, 219. 
Lophius, 173. 
Lophobranchii, 167. 
Lophophore, 92. 
Lophophorus, 261. 
Lophopoda, 78. 
Lophopus, 78. 
Lophornis, 265. 
Lori, 331. 
Loricata, 223, 
Lota, 170. 
Lottia, 45. 
Love-bird, 264. 
Loxia, 268. 
Loxosoma, 78. 
Lucina, 27. 
Lucioperca, 171. 
Lumbar, 114. 
Lunula, 19. 
Luscinia, 268. 
Lutra, 326. 
Lutraria, 28. 
Lymph, 126. 
Lymphatic, 125. 
Lynx, 264, 327. 
Lyre-bird, 268. 

Macacus, 336. 



Maccaw, 2(14. 


Migration of binia, 26S. 


Naja, 213. 


Machetes, 2r>>i. 


Miller's thumb, 172. 


Najiides, 27. 


■Mackerel. 72. 


Milvus, 2(19. 


N.ircine, Hi3, 




Minnow, im. 


Nai'es iiervift.', 243. 




Moa, 272. 


NarnhaU, 309. 


MacroBceiidea. 323. 


Molars, 287, 


Naaal, 117. 


HKtrs,28. 


Mole, 323. 


Xaaling, 18!). 


Magilus, *3. 


Molidre, 16((. 


Nassa, 47. 


Magpie, 2ti6. 
Makf. 331. 


MolliMca, 9, 


N'aaua, 32G. 


MoUnscoidea, 71. 


Xatatorcs, 2<S5. 




ilougolian rnc<^, 339, 


Nates 18, 


Malaptenu-us, 170. 


Mou^ose, S2'l. 


Natioa, 48. 


Malartm race, 34U. 


Monitor, 22(1. 


Xative cats, 804. 


MaUens, 2fi. 2TT. 


Monk-fish, lf.i. 


Native dcviU, 304. 




MonoJoii. 309. 


Nautilus. 69. 


Mammoth. 31 U. 


MonopnemnoGn, 17il. 


NrtTicella. 47, 


M«n,a86. 


Moiiolrenmta, .1()IJ, 


Neanderthal skull. 339. 


Manatee. 810. 


Moorhen, 259- 


Neetariuia. 2<lu. 


Manatnfl, Sli). 


Moose, 317 


Negroes, 341 1, 


Mandrill, 33li. 


Mormnii, 257. 


Neophron, 2B9. 


Mania, 305. 


Mosasaurus. 217. 


Neiita. 47. 


Mantle, 10. 


Ho8chus,ai7. 


Nestor, 264. 


ManuB, 115. 


Motacilla, 267. 


Ncurapoiihvsis, 111, 


Marabu, 259. 


MouHoQ. 318. 


Ne«-t. 191. 


Malgaritann, 27. 


Mound-birda, 261, 


NictitatinK membrane 


■Marmosets, 334. 


Mouse. 321. 


180. 


Marmot, 322. 


Mud-fi»]ios. 173, 


Niglitingaie, 268. 




MUIleriau duct, 148. 


Nine-eve, 157. 




Mullet, 172. 


Nism., 2119. 


Marten, 32«. 


MuUus, 172. 


Kolhosaorii, 223. 


Martin, mi. 


Marjiiin, 1S8. 




Mastodon, 310. 


Murex. 40, 47. 






Moa, 321. 




Mastoid, 117, m. 


Muscanlinus, 322. 


Notodelphya, 19S. 




Muscicapa, 267. 


Nudibranchiata, 62. 


Manilla, US. 


Mosk-oK, 318. 


Numeniua, 268. 


Mewiow-Pifit, illi?. 




Numida. 2fll. 


Medulla obloupiia, 120. 


Mussels, 26. 


Nuthatch, 267 


Megacephaloa, 2ijl. 


Mustelfl, 32fi. 


Nycten, 2ii9. 


M^aceroB, 317. 


Mustelus, 162. 


STcticebuB, 331. 


Megadcrmn. 3:'ti). 


Mya, 28. 


Nyctipithceos, 335. 


MesapodiuB. 2i;i. 


MjcotflB, 336. 


Nymphieus, 264. 


Hdeagrina, 2ti. 


Mjeteria, 269. 






Myliobates, 163. 


Obeaa, 315. 


Mel«i,32e. 
MeUtJiaKO, 2i;3. 


Mjobatrachus, 194. 


Occipital, 116. 


Myodes, 321. 




Melopaittacus, SH4. 
Membianipora, Wi. 


Myogale, 323. 


Oetodon, 321. 




OctolionuB, 331. 


MenobrauchuB. ISO. 


MyopsidiE, 70. 


Odontoid process, 378. 


Msnopoma, 191, 


Myrmceobius, 304. 


iJdOQtornitlies, 245. 


Menara, 2<iS. 


Myrinecopha^. 305. 


Octopoda, 70. 




Mystacina, 329. 


OolopUB, 70. 


MeiBi", 267. 


Mystieete, 310. 




MerlnceiOK. 170. 


MystriosaurOB, 224. 


Oicopboeerca, 100. 


Hcropa, 265. 


Myoxus, 322, 


OiiroiBidge, 70. 


McsoncphroB, 184. 


MvtiluB, 36. 


Oikopleura. 100. 


Metacarpos, 115. 


Mjsa, 246. 


Olecranon, 280. 


Mctapterjguici, VA5. 


Myiinc, 157. 


Oliva, 43. 47. 






Olme. 190. 


Mice, 321, 


Nacella. 45. 


OmmaBtrcphes, 70. 


Midas, 334. 


Nails, 274. 


Onchidium, 51. 
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Onychoteuthis, 90. 
Operculum, 32, 136. 
Ophidia, 207. 
Ophidium, 170. 
Ophisaurus, 220. 
Opisthobranchiata, 52. 
Opisthocomidae^ 261. 
Opisthoglypha, 209, 212. 
Opisthotic, 134. 
Opossum, 304. 
Opoterodonta, 208, 211. 
Optic lobes, 179. 
Optic thalami, 120. 
Orang-utang, 336. 
Orbitosphenoid, 117. 
Oriole, 266. 
Oriolus, 266. 
Ormer, 46. 

Omithorhynchus, 301. 
Omithoscelida, 220. 
Orohippus, 313. 
Orthagoriscus, 168. 
Orthidae, 85. 
Orthoceras, 69. 
Orthognathi, 340. 
Orycteropus, 305. 
Oscines. 265. 
Osprey, 269. • 
Ostracion, 168. 
Ostrea, 25. 
Ostrich, 270. 
Otaria, 324. 
Otis, 259. 
Otter, 326. 
Otus, 269. 
Ouistiti, 334. 
Ovibos, 318. 
Ovis, 318. 
Owls, 269. 
Oxpecker, 267. 
Oxydactylia, 194. 
Oxyrhopus, 212. 
Oyster, 25. 

Paca, 321. 
Pachyderms, 312. 
Pagellus, 172. 
Palaeornis, 255, 264. 
Palamedea, 259. 
Palapteryx, 255, 272. 
Palatine, 118. 
Palato-qnadrate, 117. 
Paludicella, 79. 
Paludina, 41, 47. 
Palumbaenas, 262. 
Palumbus, 262. 
Pandion, 269. 
Pangolin, 305. 
Panizzje, foramen, 203. 
Panther, 327. 
Panther-cat, 327. 



Panzerwels, 170. 
Papio, 336. 
Paradise-birds, 266. 
ParadiseidaB, 266. 
Paramastoid proce88,27 6. 
Parapterum, 240. 
Parasphenoid, 135. 
Paridigitata, 314. 
Parietal, 116. 
Parmophorus, 46. 
Parotic process, 215. 
Parra, 259. 
Parrakeets, 264. 
Parrot-fish, 171. 
Parrots, 264. 
Partridge, 261. 
Parus, 267. 
Passer, 268. 
Passeres, 264. 
Pastinaca, 163. 
Pastor, 267. 
Patella, 45, 280. 
Paunch, 316. 
Pavo, 261. 
Pearl-mussel, 26. 
Peat-pig, 315. 
Peccary, 315. 
Pecten, 26, 244. 
Pectoral, 114. 
Pectunculus, 27. 
Pedetes, 321. 
Pedicellina, 78. 
Pediculati, 173. 
Pedimana, 304. 
Pegasus, 167. 
Pelamys, 172. 
Pelecanus, 257. 
Pelias, 213. 
PeUcan, 257. 
Pelobates, 196. 
Pelvic, 114. 
Penelope, 261. 
Penguins, 256. 
Pennae, 239. 
Pentamerus, 85. 
Perameles, 304. 
Perca, 171. 
Perch, 171. 
Perch, climbing, 173. 
Perdrix, 261. 
Peregrine-falcon, 269. 
Perissodactyla, 311. 
Peristoma, 32. 
Pemis, 269. 
Peronia, 51. 
Perophora, 101. 
Pes, 115. 
Pes, avian, 241. 
Petaurus, 304. 
Petrel, 257. 
. Petromyzon, 157. 



Petrosal, 117. 
Pezoporus, 264. 
Phacochaerus, 315. 
Phaeton, 257. 
Phaethomis, 265. 
Phalangella, 79. 
Phalanges, 115. 
Phalangista, 304. 
Phallusia, 101. 
Pharaonsratte, 326. 
Pharyngealealia, 137. 
Pharyngobranchial, 137. 
Pharyngognathi, 171. 
Phascogale, 304. 
Phascolarctus, 304. 
Phascolomys, 303. 
Phasianus, 261. 
Pheasant, 261. 
Philine, 52. 
Philonexis, 65, 70. 
Phlebenterata, 36, 53. 
Phoca, 324. 
Phocaena, 309. 
Phcenicopterus, 257. 
Pholas, 28. 
Phoxinus, 169. 
Phrynocephalus, 219. 
Phrynosoma, 219. 
Phylactolasmata, 78. 
Phylidiidfe, 53. 

Phyllirhoe, 53. 

Phyllomedusa, 195. 

Phyllopneuste, 268. 
Phyllorhina, 329, 330. 

Phyllostoma, 330. 

Physa, 51. 

Physeter, 310. 

Physostomi, 168. 

Pica, 266. 

Pichyciego, 306. 

Piculus, 264. 

Picus, 264. 

Piddock, 28. 

Pigeons, 261. 

Pika, 321. 

Pike, 169. 

Pine-marten, 326. 

Pinna, 26. 

Pinnipedia, 323. 

Pipa, 194. 

Pipe-fish, 167. 

Pipra, 267. 

Pisces^ 129. 

Pisidium, 27. 

Pith, 238. 

Pitheci, 332. 

Pithecia, 335. 

Placenta, 296. 

Placoid, 131. 

Placophora, 44. 

Placuna, 26. 
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Plagiostomi, 161. 
Plagiotremata, 207. 
Plaice, 171. 
Plaintaiu-eater, 2()4. 
Planorbis, 51. 
Plastron, 226. 
Platalea, 258. 
Platm-us, 213. 
Platycercus, 264. 
Platydactylus, 218. 
Platypus, 301. 
Platyrrhini, 334. 
Plecotus, 329. 
Plectognathi, 167. 
Plesiosaurus, 223. 
Pleuracanthus, 161. 
Pleural ganglia, 33. 
Pleurapophysis, 111. 
Pleurobranchaea, 52. 
Pleurobranchus, 52. 
Pleurodont, 201. 
Pleuronectes, 171. 
Pleurotoma, 47. 
Plica semilunaris, 284. 
Plictolophus, 264. 
Ploceus, 268. 
Plovers, 258. 
Plumge, 239. 
Plumatella, 78. 
Pneumatic duct, 143. 
Pneumodermon, 56. 
Podiceps, 257. 
Pcephagus, 318. 
Poikilothermic, 2o0. 
Polychrus, 219. 
Polydinidse, 101. 
Polyodon, 166. 
Polypid, 73. 
Polypterus, 166. 
Polyzoa, 71. 
Pomacentrus, 171. 
Pons varolii, 283. 
Pope, 171. 
Porbeagle, 162. 
Porcupine, 321. 
Porcus, 315. 
Porpoise, 309. 
Portal, 146. 
Potamochgerus, 315. 
Praecoces, 252. 
Prsecoracoid, 114. 
Praefi-ontal, 135. 
Praemaxilla, 118. 
Praemolars, 287. 
Prsesphenoid, 117. 
Prepuce, 293. 
Prey, birds of, 268. 
Primates, 332. 
Primordial cranium, Ho. 
Pristis, 163. 
Proboscidea, 318. 



Procjelia, 225. 
Procellaria, 257. 
Processus falciformis, 

139. 
Procyon, 326. 
Productus, 85. 
Proguathi, 340. 
Pronephros, 166. 
Prootic, 135. 
Propithecus, 331. 
Prosimiae, 330. 
l*i'osobranchiata, 43. 
Prostates, 292. 
Proteroglypha, 209, 212. 
Proterosauria, 220. 
Proterosaurus, 207. 
Proteus, 190. 
Protopterus, 176. 
Psalterium, 317. 
Psammophis, 212. 
Psammosaurus, 220. 
Pseudis, 195. 
Pseudobranch, 145. 
Pseudopus, 220. 
Psittacula, 264. 
Psittacus, 264. 
Psopliia, 259. 
Ptenoglossa, 47. 
Pterichthys, 149. 
Pteroceras, 48. 
Pterocles, 261. 
Pterodactyl, 221. 
Pterodactylus, 221. 
Pteroglossus, 263. 
Pteromys, 322. 
Pteropoda, 63. 
Pteropus, 329. 
Pterosauria, 221. 
Pterotic, 135. 
Pterotrachea, 50. 
Pterygoid, 118. . 
Ptervla}. 239. 
Ptychopleurte, 220. 
Ptychozon, 218. 
Pubisv 115. 
Puif-bird, 263. 
Puffin, 257. 
Pulmonata, 50. 
Puma, 327. 
Pupa, 52, 
Purpura, 40^ 47. 
Putorius, 326. 
Pycnodonta, 163. 
Pygopus, 214, 220. 
Pygostyle, 235. 
Pyloric appendages, 

142. 
Pyloric valve, 289. 
Pyrosoma, 103. 
Pyrrhula, 268. 
Python, 212. 



Quadrate, 135. 
Quagga, 314. 
Quail, 261. 
Quesal, 263. 
Quill, 238. 

Rabbit, 321. 
Racoon, 326. 
Radius, 116. 
Radula, 36. 
Raja, 163. 
Rajidae, 163. 
Rajides, 163. 
Rails, 259. 
Rallus, 259. 
Rana, 195. 
Ranella, 48. 
Rangifer, 317. 
Rapacia, 304. 
Raptatore, 268. 
Rasores, 260. 
Rat, 321. 
Ratitag, 270. 
Rattlesnake, 214. 
Raven, 266. 
Rays, 163. 
Razorbill. 257. 
Rectrices, 232. 
Recurvirostra, 258. 
Red-deer, 317. 
Redwing, 268. 
Reek, 272. 
Regulus, 268. 
Reindeer, 317. 
Remiges, 239. 
Renal-portal, 146. 
Rennet stomach, 317. 
Reptilia, 195. 
Resident Birds, 265. 
Retepora, 80. 
Reticulum, 316. 
Rhachiglossa, 47. . 
Rhachis, 238. 
Rhamphastus, 263. 
Rhamphodon, 265. 
Rhamphorhynchus, 221 
Rhamphostoma, 225. 
Rhea, 270. 
Rhesus, 336. 
Rhinobatus, 163. 
Rhinoceros, 312. 
Rhinocryptis, 174. 
Rhinolophus, 330. 
Rhinoj^oma, 330. 
Rhipidoglossa, 37, 46. 
Rhodeus, 169. 
Rhombus, 171. 
Rhynchocephalia, 21 9. 
Rhynchonella, 85. 
Rhynchosaurus, 219. 
Rhynchosuchus, 225. . 
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Rhyncops. 257. 
Rhytina, 310. 
Rib, 111. 

Ringed-snake, 212. 
Ringouzel, 268. 
Roach, 169. 
Roaroa, 271. 
Robin, 268. 
Rock-dove, 262. 
Rock-rabbit, 320. 
Rodentia, 320. 
Roe-deer, 317. 
Rollers, 265. 
Rook, 266. 
Rorquals, 310. 
Rosenm tiller's organ,204. 
Rossia, 70. 
Rostellaria, 48. 
Rumen, 316. 
Ruminantia, 315. 
Rupicapra, 318. 
Rupicola, 267. 
Russelbar, 326. 
Rut, 294. 

Sable-marten, 326. 
Saccoglossa, 53. 
Saccule, 121. 
Sacral, 113. 
Sahui, 3ii4. 
Sai, 335. 
Saibling, 169. 
Saiga, 317. 
Saimir, 335. 
Salamandra, 191. 
Salamandrina, 191. 
Salangane, 266. 
Salmo. 169. 
Salmon, 169. 
Salpa, 109. 
Salpae, 108. 
Sand-eel, 170. 
Sand-grouse, 261. 
Sand-lizard, 219. 
Sand-martin, 266. 
Sandpiper, 258. 
Sand-snake, 212. 
Saphan, 320. 
Sarcorhamphus, 269. 
Sardine, 169. 
Sargus. 172. 
Satyrus, 336. 
Saurii, 214. 
Sauroidae, 16.S. 
Sauropsida, 129. 
Sauropterygii, 223. 
Saururae, 235, 255. 
Sawfish, 163. 
Scalaria, 47. 
Scalops, 323. 
Scandentia, 303. 



Scansores, 263. 
Scaphirhynchus, 165. 
Scaphopoda, 28. 
Scapula, 114. 
Scapulars, 240. 
Scarus, 171. . 
Schwebforelle, 169. 
Scisena, 172. 
Scincus, 219. 
Sciurue, 322. 
Sclerodermi, 168. 
Scollop, 26. 
Scolopacidae, 258. 
Scolopax, 258. 
Scomber, 172. 
Scomberesox, 171. 
Scops owl, 269. 
Scorpaena, 172. 
Screamers, 259. 
Scrotum, 291. 
Scrupocellaria, 80. 

Scutes of snakes, 210. 
Scutus, 46. 

ScvUaea. 53. 

Scyllium, 162. 

Scytale, 212. 

Sea-bear, 324. 

Sea-cats, 161. 

Sea-devils, 163. 

Sea-hares, 52. 

Sea-hedgehog, 168. 

Sea-horse, 167. 

Sea-lion, 324. 

Se£v -otter, 326. 

Sea-scorpion, 172. 

Sea-snakes, 213. 

Sea-trout, 169. 

Seal, 324. 

Secretary bird, 270. 

Seeforelle, 169. 

Selache, 162. 

Selachii, 157. 

Semitic, 339. 

Semnopithecus, 336. 

Sepia, 70. 

Sepiola, 70. 

Seps, 219. 

Serialaria, 79. 

Seriema, 259. 

Serranus, 171. 

Serval, 327. 

Shad, 169. 

Shark, 162. 

Sheep, 318. 

Sheldrake, 257. 

Shepherd's bird, 259. 

Ship- worm, 28. 

Shrew, 323. 

Shrikes, 267. 

Siamang, 336. 

Sigaretus, 48. 
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Silurus, 170. 
Simosaurus, 223. 
Siphon, 17. 
Siphoniata, 27. 
Siphonops, 188. 
Siphonostomatous, 32. 
Siredon, 190. 
Siren, 190. 
Sirenia, 310. 
Siskin, 268. 
Sitta, 267. 
Sittace, 264. 
Skates, 163. 
Skimmer, 257. 
Skua, 257. 
Skunk, 326. 
Slavs, 339. 
Sloth, 306. 
Smew, 257. 
Snakes, 207. . . 
Snake, coral, 213. 
rattle, 214. 
ringed, 212. 
sea, 213. 
„ tree, 212. 
Snipe, 258. 
Solarium, 47. 
Sole, 171. 
Solea, 171. 

Solen, 28. 

Solenoconchie, 30. 

Solenoglypha, 209, 213. 

Solidungula, 312. 

Sorex, 323. 

Spalax, 322. 

Sparidae, 172. 

Sparrow, 268. 

Sparrow-hawk, 269. 

Spatularia, 166. 

Sphargis, 229. 

Spheuiscus, 256. 

Sphenodon, 219. 

Sperm-whales, 310. 

Spermaceti, 310. 

Spermophilus, 322. 

Spider-monkey, 335. 

Spinacidae, 162. 

Spined-loach, 169. 

Spinous process, 111. 

Spirifer, 85. 

Spirula, 70. 

Spleen, 126. 

Spondylus, 26. 

Spoonbill, 258. 

Sprat, 168. 

Springhase, 321. 

Squalides, 162. 

Squalus, 162. 

Squamosal, 198. 

Squatina, 162. 

Squatinorajidae. 163. 
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Squirrel, 322. 
Squirrel-monkey, 385 
Stapes, 277. 
Starling, 267. 
Statoblast, 74. 
Steganopodes, 257. 
Steinbock, 318. 
Steller's sea-oow, 310. 
Stellio, 219. 
Stelmatopoda, 79. 
Stcneosanria, 224. 
Stenops, 331. 
Stcnostoma, 211. 
Sterlet, 165. 
Sterna, 257. 
Stemseher, 172, 
Sternum, 114. 
Sternum abdominale, 

222. 
Stickleback, 171. 
Sting-rays, 163. 
Stockfisch, 170. 
Stork, 258. 
Strepsiceros, 317. 
Strichvogel, 255. 
Strigops, 264. 
Strix, 269. 
Strombus, 43, 48. 
Struthio, 270. 
Sturgeon, 165. 
Sturmvogel, 257. 
Sturnus, 267. 
Stylifer, 43. 
Stylommatophora, 51. 
Subungulata, 321. 
Succinea, 52. 
Sucking-fish, 172. 
Sula, 257. 
Sulci, 282. 
Sun-fish, 168. 
Supraoccipital, 116. 
Surinam toad, 194. 
Surnia, 269. 
Sus, 315. 
Sylvia, 268. 
Sympathetic, 122. 
Symplectic, 135. 
Syngnathus, 167. 
Synotus, 329. 
Syrinx, 249. 
Symium, 269. 
Syrraptes, 261. 
Swallows, 266. 
Swan, 257. 
Swifts, 266. 

Swimming bladder, 148. 
Sword-fish, 172. 
Tachypetes, 257. 
Tfenioidae, 173. 
Taenioglossa, 37, 47. 
Talpa, 323. 



Tamias, 322. 
Tanrec, 323. 
Tapayaxin, 219. 
Taphozous, 329. 
Tapir, 312. 
Tarsius, 331. 
Tarsus, 115. 
Tasmanian Wolf, 304. 
Tectibranchiata, 52. 
Tejus, 220. 
Teleosauria, 224. 
Teleostei, 166. 
TelUna, 28. 
Tench, 169. 
Tenuirostres, 265. 
Terebra, 47. 
Terebratula, 85. 
Terebratulina, 86. 
Teredo, 28. 
Tergipes, 53. 
Tern, 257. 
Testicardines, 85. 
Testudo, 230. 
Tethyodea, 90. 
Tethys, 53. 
Tetrabranchiata, 67. 
Tetrao, 261. 
Tetraonidse, 261. 
Tetrodon, 168. 
Thalamencephalon, 120. 
Thalassidroma, 257. 
Thalassochelys, 229. 
Thaliacea, 103. 
Thecidium, 85. 
Thecodontia, 220. 
Thecosomata, 56, 
Thoracic, 113. 
Thrush, 268. 
llirush-Nightingale, 268. 
Thylacinus, 304. 
Thymallus, 169. 
Thymus, 184. 
Thynnus, 172. 
Tibia, 115. 
Tichodroma, 265. 
Tiedmannia, 56. 
Tiger, 327. 
Tinamidae, 261. 
Tinamoua, 261. 
Tinea, 169. 
Tinker, 171. 
Titmice, 267. 
Toad, 195. 

frogs, 195. 

Surinam, 194. 
Toothed-carps, 170. 
Topes, 162. 
Top-shell, 46. 
Torpedo, 103. 
Tortoise, common, 230. 
land, 230. 
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Tortoise, mud, 229. 
„ soft, 229. 

Tortrix, 212. 

Tetanus, 258. 

Toucans, 263. 
I Toxoglossa, 47. 
i Trachea, 124. 

Trachinus, 172. 

Trachipterus, 173. 

Tragulus, 317. 

Tree-creeper, 265. 

Tree-frog, 195. 

Tree-sn^es, 212. 

Tremoctopus, 65, 70. 

Trichechus, 324. 

Trichoglossus, 264. 

Tridacna, 27. 

Trigla, 172. 

Trigonia, 27. 

Tringa, 258. 

Trionyx, 229. 

Triton, 191. 

Tritonia, 53. 

Tritonium, 48. 

Trochilus, 265. 

Trochus, 46. 

Troglodytes, 208, 330. 

Trogon, 203. 

Tropic bird, 257. 

Tropidonotus, 212. 

Tropidurus, 219. 

Trout, 109. 

Trumpeter, 259. 

Trunk-fish, 168. 

Trygon, 103. 

Tubicolid«, 28. 

Tubuliporidae, 79, 

Tunicata, 85. 

Tunny, 172. 

TurbinaLs, 277. 

Turbo, 46. 

Turbot, 171. 

Turdus, 268, 

Turkey, 261. 

Turtles, 229. 

Turtur, 262. 

Tylopoda, 317. 

Tympanic bulla, 277. 

Typhlops, 211. 

Ulna, lU. 
Umberfische, 172. 
Umbilical artery, 297. 
Umbilicus, 205. 
Umbo, 18. 
Umbra, 109. 
Umbrella, 52. 
Umbrina, 172. 
Unau, 306. 

Uncinate processes, 135. 
Unio, 27. 



352 



INDEX. 



Unke, 195. 
Upupa, 265. 
Uranoscopus, 172. 
Urax, 261. 
Ureter, 126. 
Urethra, 127. 
Uria, 267. 
Urochord, 87. 
Urodela, 188. 
Uromastix, 219. 
Uropeltis, 212. • 
Uropygial gland, 239. 
Ursus, 326. 
Uterus, 294. 
Uterus masculinus, 292. 

Vampire, 330. 
Vampyrus, 330. 
Vane, 238. 
Vanellus, 258. 
Varanus, 220. 
Velum, 10. 
Vena cava, 125. 
Venus, 27. 
Vermetus, 47. 
Vermilinguia, 217, 305. 
Veronicella. 51. 
Vertebral theory of skull, 

116. 
Vertebrata, 109. 
Vesicularia, 79. 
Vespertilio, 329. 
Vesperugo, 329. 
Vexillum, 238. 



Vibracula, 74. 
Vibrissse, 239, 285. 
Viper, 213. 
Vipera, 213. 
Viskatscha, 321. 
Viverra, 326. 
Viviparous selachians, 

160. 
VUssmaki, 331. 
Voles, 321. 
Voluta, 47. 
Vomer, 117. 
Vulture, 269. 

Waders, 257. 
Wagtails, 267. 
Waldheimia, 85. 
Wall-creeper, 265. 
Waller, 170. 
Walrus, 324. 
Warbler, 268. 
Wart-hog, 315. 
Water-hens, 259. 
Water-rat, 321. 
Wattles, 260. 
Waxwing, 267. 
Weasel, 326. 
Weaver-birds, 268. 
Wellenpapagei, 264. 
Wels, 170. 
Wentle-trap, 47. 
Whale-bone whales, 310. 
Whales, 306. 
Whelk, 47. 



White-fish, 309. 
Whiting, 1 70. 
Whooper, 257. 
Wickelbar, 326. 
Winkle, 47. 
Wolf, 326. 
Wolf-fish, 173. 
Wolffian body, 184. 
Wombat, 303. 
Woodcock, 268. 
Woodlark, 268. 
Woodpeckers, 264. 
Wrasses, 171. 
Wren, 268. 
Wryneck, 264. 



Xenopus. 194. 
Xiphias, 172. 

Yak, 318. 

Zamenis, 212. 
Zebra, 314. 
Zebu, 318. 

Zeugobranchiata, 45. 
Zeus, 172. 
Zitterwels, 170. 
Zoarces, 173. 
Zona pellucida, 296. 
Zonurus, 220. 
Zugvogel, 255. 
Zygaena, 162. 
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